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NUCLEAR POWER PROGRESS 


It is not quite two years since Her 
Majesty’s Government, following recom- 
mendations made by a committee headed 
by Lord Waverley, laid before Parliament 
a White Paper entitled The Future 
Organisation of the United Kingdom 
Atomic Energy Project. At that time, 
although many industrial firms had 
played very important parts in atomic 
energy development in this country, 
they had only done so as contractors 
to the Ministry of Supply. They 
worked to drawings or specifications 
provided by the Division of Atomic 
Energy which gave little hint of the way 
in which the equipment would be used, 
or even what the assembled plant would 
look like. In fact, at that time much of 
the information necessary to the peaceful 
development of nuclear energy, as well 
as that relating to the military aspects, 
was subject to tight security restrictions. 
No one outside government service was 
in a position to gauge the future or to 
forecast the probable trends. Industry 
was forced to be a spectator, unable to 
make an estimate of how or when it could 
exercise any initiative in the exploitation 
of this new source of energy, and not even 
sure whether the economics were such 
that developments could be anything 
other than research projects for many 
years to come. It is therefore all the 
more noteworthy that on October 14th 
the Central Electricity Authority 
announced the sites it proposes for its 
first two nuclear power stations, and it is 
important to bear in mind that these 
Stations, including the reactors, will be 


built by private enterprise companies. 
The sites chosen by the Central Electricity 
Authority—and they are subject to 
approval by the local planning authorities 
and the Ministry of Fuel and Power—are 
at Bradwell, at the mouth of the River 
Blackwater, in Essex, and at Berkeley, 
on the Severn estuary, in Gloucestershire. 

Like so many of to-day’s scientific and 
technical advances, this markedly changed 
position has only been achieved by 
co-operation and collaboration on a large 
scale. From the outset the United 
Kingdom Atomic Energy Authority has 
accepted as one of its main commitments 
the need to train industry in all aspects 
of atomic energy. The opening of the 
Harwell Reactor School to outside 
students, though important in itself, has, 
however, been only one part of the effort 
that has had to be made to organise 
within industry the teams of engineers 
and scientists required for reactor design. 
The design of nuclear power plant falls 
into none of the neat compartments of 
engineering that we have come to accept. 
It is not covered wholly by civil, mech- 
anical, electrical or even chemical engin- 
eering. It is, in fact, spread across all 
of them, and this has been recognised by 
the professional institutions by the forma- 
tion of the British Nuclear Energy Con- 
ference. Obviously, no industrial firm 
in this country was equipped to carry 
out such work purely from. its own 
resources, and so we have seen the forma- 
tion of four major groups of companies 
to build atomic power stations: the 
Associated Electrical - Industries-John 


Thompson Group; a group including 
the English Electric Company, Lid., 
and Babcock and Wilcox, Ltd.; the 
General Electric-Simon-Carves Group, 
and a group comprising C. A. Parsons, 
and Co., Ltd., Head, Wrightson and 
Co., Ltd., and A. Reyrolle and Co., 
Ltd., registered as a public company 
known as the Nuclear Power Plant 
Company, Ltd. Engineers from these 
groups and the Central Electricity 
Authority have not only attended the 
Harwell Reactor School, but they have 
also studied in detail with the Industrial 
Group of the U.K.A.E.A. the problems 
associated with the design of the thermal 
reactors being built at Calder Hall. In 
view of the difficulties that must inevitably 
have had to be surmounted—the working 
out of methods of collaboration, the 
recruitment of suitable staff and its 
training, &c.—the Central Electricity 
Authority’s announcement is a heartening 
indication that this country’s plans for 
nuclear power development are moving 
as planned. The White Paper A Pro- 
gramme of Nuclear Power, which was 
published in February this year, calls for 
a starting date of 1957 for the building 
of the first two stations, with the work to 
be completed in 1960-61, dates which the 
C.E.A. states it is expecting to meet. 
These first two power stations are to 
use gas-cooled, graphite-moderated, 
thermal reactors of the type now being 
built by the Atomic Energy Authority at 
Calder Hall. After the exciting possi- 
bilities discussed at the Geneva Conference 
it may seem to some that British industry 
is entering the new field with comparatively 
little scope for initiative. This we think 
is far from true when one considers the 
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engineering design of a nuclear reactor. 
To the scientist, reactors will be classified 
by whether they use thermal, intermediate 
or fast neutrons ; by the fuel they use ; 
by the nature of the coolant, &c. But, 
quite obviously, within any of these 
types, there are going to be, at any rate 
in the initial stages, many different 
schemes and layouts, and many different 
engineering solutions to the technical 
problems which arise and which will, not 
infrequently, conflict. For example, with 
any reactor using solid fuel elements, the 
engineer must decide whether he will 
have his reactor core with the axis hori- 
zontal or vertical ; he will also have to 
consider whether he will charge and dis- 
charge his reactor from the same face or 
from opposite sides of the core. In a 
gas-cooled reactor working with gas 
under pressure, he will have to weigh 
the advantages of trying to change fuel 
elements with the reactor running and the 
reactor shell under pressure, against the 
inevitable complications he will have to 
build into his charging machine to make 
this possible. Then, too, a reactor, which, 
by its very nature, prevents ready access 
to the core because of the high levels of 
radioactivity, would appear to lend itself 
to remote and automatic control. It is 


probable, because of the high capital 
cost of reactors, that the development of 
any one type will be evolutionary and 


not revolutionary. It is _ therefore 
extremely important that in the early 
design stages as many ideas as possible 
should be thoroughly worked out, prefer- 
ably by independent groups, before 
reactor layouts and techniques become 
stereotyped. It is in this way that we 
would expect industry, in building the 
first reactors for the C.E.A., to be helping 
to establish a sound foundation of reactor 
engineering. We shall not see the ideas 
that are discarded, but nevertheless they 
will make a very large contribution to 
the body of engineering skill in reactor 
design that must be built up if we are to 
succeed in this field. 


LONDON MOTOR SHOW 

Last Wednesday, October 19th, the 
London Motor Show was officially opened, 
and once more thousands of visitors will 
be crowding the exhibition hall at Earl’s 
Court to see the impressive assembly 
of cars from all over the world. This 
year’s event, the fortieth in the series 
of British motor exhibitions, may well 
prove to be of greater importance for the 
future plans of the British motor industry 
and for its general attitude towards 
technical problems than any other motor 
show organised since the war. Having 
the opportunity to compare at first hand 
the relative merits of the various nations’ 
automobile designs many foreign buyers 
will have to decide whether or not the 
adverse criticism of British car design 
which recently has been voiced in many 
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reputable papers is really justified. Our 
manufacturers are faced with the necessity 
of selling cars abroad against a growing 
competition, to customers who have 
become more and more discerning. These 
customers are bound to find out whether 
our manufacturers, as some critics are 
inclined to suggest, lack the bright flashes 
of engineering inspiration which, the 
critics contend, are putting the Conti- 
nental motor industry out in front. 
Whatever the outcome of this expert 
investigation turns out to be, there is no 
doubt that it may have an important 
influence on the future technical develop- 
ment of our motor industry. Taken at 
its face value, the economic position of 
the British automobile industry appears 
at present to be very healthy. 
Production has been running at peak 
levels, and well over half a million cars 
alone were built up to the end of August 
this year. The total value of all exports 
of the motor industry in the first eight 
months of this year amounted to over 
£250,000,000, of which £84,000,000 were 
in respect of motor-cars. This apparently 
satisfactory picture, however, assumes a 
different aspect when it is compared with 
the respective efforts and results of the 
Continental motor industry. In the above 
mentioned period we exported 259,000 
cars, which was about 10,000 fewer than in 
1950. Insignificant as the slight drop 
may appear, it must be borne in mind that 
exports from the Continent between 1950 
and 1955 have gone up markedly. German 
exports, for instance, have increased by 
as much as 200 per cent. It was to be 
expected, of course, that foreign competi- 
tion in the world’s markets would increase 
as the Continental industry became re- 
established after its almost complete 
disruption after the war. What was not 
expected, however, was that the Continen- 
tal competition would assume such large 
proportions in countries like Belgium, 
Holland, Switzerland, Denmark, Sweden 
and even the United States, that is, 
in markets in which British motor 
manufacturers after the war had gained 
a firm foothold, and which were, 
therefore, considered fairly safe. What- 
ever the reasons for the decline of 
our motor exports to most countries 
outside the British Commonwealth of 
Nations may be, the industry is certainly 
not content to see its markets go and is 
determined to fight back. Dr. Llewellyn 
Smith, president of the Society of Motor 
Manufacturers and Traders, recently 
addressed a press conference on this 
subject and pointed out that the vast 
expansion programme of the automobile 
industry, announced last year, was designed 
not merely to increase the output of cars, 
but also to reduce their price. He, 
further, believed that the British show 
models this year would prove “ sales- 
winning.” It is difficult to assess the effect 
of any further boosting up of production 
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for the purpose of lowering the cogt 
of a product. Increased production 
does not necessarily mean increased 
economy, unless it is accompanied by 
intensive reorganisation and rationalisa- 
tion. Such measures might mean a 
drastic reduction of existing, and a 
scrapping of redundant, models, the adop.- 
tion of new design principles, and a very 
much higher degree of standardisation, 
all measures which the motor industry 
would only accept with great reluctance, 
Even then the results might be of doubt- 
ful value, for we have seen that the greatly 
increased productivity of our industry over 
the last three years has still not enabled 
some manufacturers to keep their prices 
stable. Also, it must not be overlooked 
that the motor industry, more, probably 
than any other, is vulnerable to unex- 
pected changes as its markets are affected 
by so many factors such as governmental 
restrictions on credits and hire purchase, 
increases of road and fuel taxes and, last 
but not least, the wayward taste of the 
public. Such factors can make pros- 
perous markets dwindle overnight. 

Dr. Smith felt confident about the sales 
appeal of our latest show models. But 
most of these new cars, with one or two 
exceptions, are not being made in large 
quantity production, so that even a 
considerable increase of their sales would 
affect the total export figures of our 
industry very little. What matters most is 
how far the medium-sized mass-produced 
cars will be able to maintain their 
sales abroad against the impact of 
technical innovations now incorporated 
in practically all Continental models. 
In this particular field the design of the 
British cars has remained almost static. 
Improvements are mainly confined to 
slight modifications of styling. It remains to 
be seen how far these admittedly small 
improvements will appeal to foreign 
buyers, and whether they will be considered 
sufficient to create—coupled with reason- 
able prices—adequate selling points. Con- 
trary to the opinion of many critics, we 
still remain moderately optimistic about 
the success of this year’s Show as a sales- 
stimulating display of our best efforts. 
British cars since the war have gained a 
good reputation for reliability ; within 
the limits set by their design principles 
they perform well ; and they have been 
acceptable to many countries for many 
years. But we are equally certain that 
our manufacturers will have to think 
hard and to act fast if they really want to 
fight foreign competition with effective 
weapons. In a world of ever-changing 
values it is not sufficient to keep just 
abreast of engineering progress. It is 
essential to be ahead of current ideas. 
Only by keeping ahead will Britain be 
able to maintain its leading position as 
the foremost European producer and the 
greatest motor exporting country in the 
world. 
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3300 H.P. Diesel-Electric Locomotive for 
Main Line Passenger and Freight Service 


Two Napier “ Deltic” engines provide 
the motive power of a new 3300 h.p. Cy-Cy 
diesel-electric locomotive which has been 
developed by the English Electric Company, 
Ltd., for main line passenger and express 
freight duties. These engines are traction 
versions of the “‘ Deltic” marine engines, 
down-rated from 2500 h.p. to about 1700 h.p. 
to reduce the frequency of overhauls. They 
give the locomotive a specific weight of only 
72lb per horsepower, the maximum axle 
loading being 184 tons. It may be recalled 
that the “ Deltic” is a two-stroke engine 
consisting of three six-cylinder banks 
assembled in the form of an inverted equi- 
lateral triangle, whence the engine takes its 
name. The three crankshafts are geared, 
1 to 1, to an output shaft at the centre of the 
triangle, the maximum speed being 1500 
r.p.m. Each engine is solidly coupled to the 
armature shaft of a separately excited d.c. 
generator rated at 1080kW, 675V at 1500 
r.p.m. The two generators are connected 
in series to feed the six traction motors 
which are connected to form three parallel 
pairs. Associated with each engine governor 
there are a set of electrical contacts and a 
servo mechanism, whereby the field strength 
of the generator is regulated so that the output 
of the generator at every instant suits the 
horsepower developed by the engine that 
drives it. Automatic power control is thus 
maintained continuously at all speeds. 
Changeover switches provide for all six 
traction motors to be connected to one engine 
generator set, if required. Accordingly, the 
locomotive can maintain the same tractive 
effort at about half the maximum speed, 
which, with the existing gearing, is given as 
90 m.p.h. for a trailing load of 500 tons on 
level track. The locomotive brakes are air 
operated, vacuum braking being used for the 
train. In the central compartment between 
the two power units there is an automatic 
train-heating boiler capable of evaporating 
2000 Ib of water per hour at 80 Ib per square 
inch. Removable roof sections are arranged 
over each nose compartment and the central 
machinery compartments. These roof 
sections accommodate the filtered air intakes 
for the engine, boiler and for generator 
cooling. The fuel and boiler feed water 
tanks are slung on the under frame between 
the two bogies, and a two-directional water 
scoop is fitted for replenishing the water 
tank from troughs. After being demon- 
strated to members of the Press on Monday 
last, the locomotive was due to be handed 
over to Speke depot, London Midland 
Region, to undergo trials. By about the end 
of November it is expected to go into passen- 
ger service between Euston and Liverpool. 


Air Line Equipment 

BRITISH EUROPEAN AIRWAYS propose to 
operate a “family” of Vickers airliners, 
each with four Rolls-Royce turbo-prop 
engines. The range of three aircraft, each 
offering variable passenger capacity, is 
expected to yield highly competitive service 
over the distances required on the Continent. 
The “* Viscount” will be used in forty to 
fifty-three-seat versions. While the current 
model cruises at 328 m.p.h. on “ Dart” 
“ R.Da.6 ” engines, the use of “‘ R.Da.7’s ” 
of 2100 h.p. (1700 for take-off) will result 
in a 365 m.p.h. cruise. The “ Viscount 





Major,” carrying sixty-five to seventy 
passengers, will reach B.E.A. next year with 
“R.Da.6” engines and cruising at 320, 
but in two year’s time a cruise of 360 is 
forecast with the “ R.Da.7.” The “800” 
series is expected to take off 3000 lb heavier 
than the current aircraft, and will be recog- 
nisable by a longer nose. The “ Vanguard,” 
instead of being a low-wing monoplane, has 
a “double-bubble ” hull with the freight 
compartments below the floor ; the passenger 
cabin is 9ft 1lin wide, seating five abreast. 
Ninety-three to 105° passengers can be 
accommodated and the machines reaching 
B.E.A. in spring, 1960, will cruise at 400 
m.p.h.; however, it is expected that pro- 
gressive development of the “Tyne” 
“*R.B.109 ” beyond 4470 h.p. will allow a 
rise to 425 m.p.h. The “900” series will 
also be adaptable to other roles, such as 
carrying eighty-five fares of two classes and 
flying routes as long as 2500 miles. The 
pressure differential is the same as that of 
the “‘ Viscount ” at 64 lb per square inch. 


First Two Sites for C.E.A. Nuclear Power 
Stations 

EARLIER this week the Central Electricity 
Authority announced that sites have been 
chosen on which it proposes to build its 
first two nuclear power stations: one is 
at Bradwell at the mouth of the River 
Blackwater in Essex, and the other at Berkeley 
on the Severn Estuary in Gloucestershire. 
Subject to the approval of the sites by the 
local planning authorities and the Minister 
of Fuel and Power, construction of the 
stations is planned to begin in 1957 and they 
should be contributing to public electricity 
supplies by 1960 or 1961. Each station will 
be designed to provide about two or three 
times the amount of power to be generated 
at the first Calder Hall station of the United 
Kingdom Atomic Energy Authority, where 
electricity is the by-product. The Bradwell 
site is at the remote north-east corner of the 
peninsula formed by the Rivers Blackwater 
and Crouch. The site fronts on to the broad 
estuary of the Blackwater where it opens 
out into the North Sea and is about seven 
miles due east of Maldon and one mile 
north of the village of Bradwell-on-Sea. 
It adjoins the disused runways of a wartime 
aerodrome and its only distinguishing features 
are an uninhabited farmhouse and certain 
derelict R.A.F. defence works. The subsoil 
is stiff London Clay. The Berkeley site is 
on the eastern bank of the Severn estuary, 
roughly midway between Gloucester and 
Bristol, at a point where the river is over a 
mile wide and is strongly tidal. The land is 
flat and is underlain by Keuper Marl, 
providing good foundation conditions. The 
Central Electricity Authority points out that 
the technical requirements of nuclear power 
stations are complex and involve some new 
considerations in addition to those in which 
past experience with orthodox power stations 
serves as a guide. Geological and foundation 
conditions are of special importance, since 
the reactors and their shielding impose 
unusually heavy site loads. Moreover, 
cooling water requirements are substantially 
larger than for conventional stations of the 
same capacity. On the other hand, nuclear 
power stations need comparatively small 
quantities of fuel and, therefore, large scale 
transport facilities, such as have to be 
provided for coal and ash-handling at 
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ordinary thermal power stations, are not 
required. In consequence, since fuel cost is 
virtually independent of location, it is econo- 
mically advantageous to build nuclear power 
stations in areas where normal fuels are 
expensive. They should, however, be near 
to centres of heavy electrical demand or to 
places where the Grid system can readily 
absorb their output, the object being to run 
the stations continuously day and night to 
obtain the maximum production for the 
heavy capital investment involved. In the 
search for sites many areas were surveyed 
from the air. Ground inspections were made 
of the more promising areas, and consulta- 
tions were also necessary with the Atomic 
Energy Authority, the Defence Authorities 
and other organisations. 


Association of Supervising Electrical 
Engineers 

THE presidential address of the Association 
of Supervising Electrical Engineers was given 
on October 18th by Mr. Bryan Donkin. 
He spoke of some of the principal hydro- 
electric schemes carried out by the North of 
Scotland Hydro-Electric Board since it was 
constituted in 1943. Up to the present time, 
Mr. Donkin said, some £118 million of 
capital had been invested in new construction 
in hydro-electric generating stations, trans- 
mission lines and in distribution. Also a 
certain number of small diesel engine power 
stations had been constructed in regions 
beyond the economic reach of the present 
transmission system. The principal hydro- 
electric schemes were mostly situated near 
the west coast because in that area the rain- 
fall was greater than on the east coast, 
Mr. Donkin explained, and in most cases 
natural lochs were used for storage reservoirs. 
In the course of construction, over 90 miles 
of rock tunnel had now been completed, 
he went on, for connecting the reservoirs to 
the power stations. The principal schemes 
he described were Loch Sloy, Glen Affric, 
Connon Valley, Loch Shin, Tummel Valley, 
Shira, the Island of Skye and Lochalsh, and 
the Garry and Moriston schemes. He con- 
tinued his address by referring to the Hydro- 
Electric Board’s other activities, such as 
diesel stations for the outlying areas: the 
experimental 12MW gas turbine of the 
‘closed cycle” type which it was hoped 
may eventually be run on peat as a fuel ; 
and the 100kW wind-driven generator erected 
on Costa Head in the Orkney Islands. The 
president also described the main 132kV 
transmission lines and the difficulties of 
erecting and maintaining these lines in a 
mountainous area with few roads. Com- 
munication throughout the Hydro-Board’s 
area was by carrier current injected through 
suitable coupling equipment on to the 132kV 
power network. He went on to stress the 
consequential effects of the Hydro-Board’s 
activities such as the improvement of roads, 
the reclamation of large areas of excellent 
farm land, the electric drying of crops and 
of grass, the use of submarine cables to 
transmit electricity supplies to the islands, 
the encouragement of local industry such as 
in house construction and in building and in 
quarrying in stone, the improvement of the 
fishing on the rivers and the establishment of 
fish hatcheries. At the end of 1954, Mr. 
Donkin said, the total installed generating 
plant capacity of the Board was 594MW, 
made up of no less than 431MW of hydro- 
electric plant. The maximum demand on 


the system was 314MW ; some 214MW was 
supplied to the Central Electricity Autho- 
rity’s system at three points of interconnec- 
tion, Windy Hill, Bonnybridge and Aber- 
nethy. 
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Trends in Metallurgical Research in 
the United States 


By EDGAR C. BAIN 


The eighth Hatfield Memorial Lecture was delivered before the Iron and Steel 
Institute at Sheffield University last Monday. Dr. Edgar C. Bain, who is vice- 
president, research and technology, United States Steel Corporation, made a very 
wide review of metallurgical research. Here we extract from the lecture what he 
had to say about dislocations, spiral growth of crystals, filamentary crystals, metal- 
lographic aspects of fatigue behaviour, machinability, deformation and brittle 
fracture, zone melting, thermodynamics in metals and the physical chemistry of 
steelmaking. He also discussed X-ray metallography, analysis of steels by X-ray 
fluorescence, the nature of martensite, the boron effect, relation metallography 
and diffusion. Much of the lecture was based upon hitherto unpublished work. 


DISLOCATIONS 


APID progress has recently been made 
in the refinement and usefulness of basic 
dislocation theory through the imaginative 
and creative concepts of Cottrell, Frank,” 
and others in the United Kingdom, and 
supported by Read,* Shockley,* and others 
in the U.S.A. Striking confirmation of the 
nature of dislocations has been provided by 
the agreement between a number of experi- 
mental observations and predictions based 
on dislocation theory. If the dislocation 
model for a low-angle crystal boundary is 
correct, it should be possible to cause such a 
boundary to move under the action of an 
applied stress. Parker and Washburn® have 
shown that such movements do indeed occur. 
Systematic studies of the effect of low-angle 
boundaries on the behaviour of crystals sub- 
jected to stress are providing further insight 
into the mechanisms of strain hardening 
and creep.® 
Another confirmation of the dislocation 
model has been provided by observations of 
the spacing of conical etch pits along low- 
angle boundaries. This approach is perhaps 
best illustrated by the work at Bell Telephone 
Laboratories on crystals of germanium.’ 
According to the dislocation model, the 
spacing of dislocations will depend on the 
mismatch in orientation at the boundary and 
can be calculated. Striking confirmation of 
this concept has been shown experimentally. 
Observation of the disposition of disloca- 
tion etch pits after various straining and 
annealing treatments is proving*a fruitful 
approach to a better understanding of the 
role of dislocations in slip, recovery, and 
recrystallisation processes. Gilman®* recently 
observed an array of etch pits along a basal 
slip plane in a zinc crystal that is believed to 
have resulted from the “ piling-up ” of dislo- 
cations at an obstacle during slip. 


SPIRAL GROWTH OF CRYSTALS 


Since the role of screw dislocations in the 
mechanism of crystal growth was first pro- 
posed by Frank, observations of growth 
spirals as predicted by the theory have been 
made on a wide variety of crystal surfaces. 
Recently Pollock and Mehl*® have observed 
spiral formations during the growth of 
cadmium crystals from vapour at controlled 
supersaturations in a special growth cell. 
The observed spirals, visible at x75, are 
grown on a cadmium substrate, formed by 
subliming cadmium on a cold surface ; spiral 
growth occurs, apparently, only when the 
condensed substrate is melted and frozen. 
The spirals, which have step heights between 
300 and 1500A, as determined by interfero- 
metric measurements, form at ridge bound- 
aries, i.e. boundaries separating two regions 


that differ slightly in orientation as evidenced 
by a small angle between their basal surfaces. 


FILAMENTARY CRYSTALS 


Considerable interest has centred recently 
in various forms of filamentary crystalline 
growth, frequently called ‘* whiskers,” which 
were first observed as a spontaneous growth 
on tin, zinc, and cadmium-plated com- 
ponents in commercial telephone equip- 
ment.”°. These filaments were found to be 
single crystals of the metal, generally about 
2u in diameter, although a considerable 
range of sizes has been observed. The 
spontaneous linear growth rate is of the order 
of Imm per year, but it has been found that 
application of pressure will cause a growth of 
Imm or 2mm in length in a few hours,! for 
crystals of this type grow from the base." 
Whiskers of iron, silicon and copper formed 
by condensation from a vapour phase by 
deposition at the tip, rather than from the 
base.'* Filamentary crystals of oxides and 
sulphides have also been grown under special 
conditions.!® 

Regardless of how they are grown, all 
these filamentary crystals have unique mech- 
anical properties.‘* While under micro- 
scopic observation they have been strained 
elastically as much as 14 per cent, indicating 
an elastic limit 100 times as great as that of 
large single crystals. Similarly, their creep 
rate at loads exceeding the yield strength of 
the bulk metal has been found to be many 
times smaller than the usual value. Bent 
beyond their elastic limit they develop a 
sharp bend. 

Iron whiskers of approximately 0-0Olin 
diameter have exhibited a yield strength of 
270,000 Ib per square inch for the outer 
surface (in bending) and a yield strength of 
85,000 Ib per square inch in microscopic 
tensile tests.‘ These values are to be com- 
pared with yield strength of 4000Ilb per 
square inch for conventional single crystals of 
iron. The a-»y transformation temperature 
is reported to be about 2012 deg. Fah. (1100 
deg. Cent.), which is nearly 360 deg. Fah. 
(200 deg. Cent.) above that for the bulk 
metal.1* 

The unusual strength of the filamentary 
crystals, approaching the theoretical value 
for a perfect crystal, is considered to indicate 
that they are nearly free of dislocations, and 
it has been suggested that the slender crystals 
might serve as seeds upon which to grow 
exceedingly strong macroscopic filaments. 


METALLOGRAPHIC ASPECTS OF FATIGUE 
BEHAVIOUR 


A novel approach to the problem of the 
fundamental aspects of fatigue behaviour of 
the light metal alloys is being used by the 
Aluminum Research Laboratories of the 
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Aluminum Company of America utilising 
metallographic techniques.’ The testing of 
fatigue specimens which have been comp!ctely 
chemically polished is interrupted periodically 
in order to obtain plastic replicas of the 
surface. These replicas then provic: a 
permanent record of the deformations oc ur- 
ring in particular areas throughout the -est, 
They may be examined at all magnifica: ons 
with the optical microscope and, u.ing 
further techniques, with the electron micro- 
scope. All stages of fatigue deformation are 
observable with the replica technique fom 
the innocuous stages involving slip to the 
more insidious stages involving cracking, 
The formation and propagation of very siall 
fatigue cracks has been observed and stuc ‘ed, 
especially as to how they relate to such 
microstructural features as constituents ind 
grain boundaries. 

Success has been achieved in relating the 
number of cycles at which each new fatizue- 
induced stage is entered to the number of 
cycles needed to cause failure. Points repre- 
senting the first appearance of slip in the 
specimen, the first cracking, &c., fall on 
smooth curves having the same general shape 
as the conventional S/N curve denoting 
failure. Quantitative measurements of the 
amount of deformation present at any time 
in the tests are obtained from the replicas 
using a grid intercept method. The influence 
of the factors of stress, number of cycles, 
grain size, and alloy content on the amount 
of deformation is being evaluated further 
by the metallographic method. The applic- 
ability of the technique to ferrous and other 
metals is being developed. 


MACHINABILITY 


A great deal of attention is being focused 
on the fundamental factors influencing the 
ease with which a metal can be cut, i.e. 
machinability, especially from the point of 
view of isolating the basic material charac- 
teristics responsible for good machinability. 
Studies of force relationships and chip 
formation during machining, together with 
theoretical analyses developed by Piispannen,” 
Merchant,” Shaw,” and others constitute 
one important line of attack. As an example, 
these factors were studied in a series of 
three low-carbon steels containing sulphur 
in amounts varying from 0-025 to 0-250 
per cent, the sulphur additions being 
made to successive ingots of an individual 
heat.2>. It was found that the superior 
machinability of the higher-sulphur steels 
accompanies decreased friction between chip 
and tool and reduction in shear strain during 
chip formation. The decrease in friction and 
shear strain reduce the work required for 
removal of a unit volume of metal during 
cutting. 

Chao and Trigger have contributed 
greatly in the direction of the relation between 
chip formation and tool life through their 
theoretical considerations of temperature 
distribution in the cutting tool. They have 
pointed out that the tendency for “ welding,” 
and even diffusion, to occur at the tool/chip 
interface may play an important role in tool 
life. 


DEFORMATION AND BRITTLE FRACTURE 

Few, if any, subjects in the physical 
metallurgy of iron and steel have been 
accorded in America the overall research 
man-hours and effort that have been given 
to the problem of brittle fracture. The 
modern viewpoint emphasising the actual 
local state of stress in considering flow in 
metals had been already fruitful ; neverthe- 
less, the investigations were accelerated and 
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increased greatly at the time of the numerous 
fractures in ship hulls, at that time inexplic- 
able. 

These investigations have quite naturally 
fallen into two categories :— 

(i) The development of tests which should 
evaluate the suitability of a steel, usually as 
welded, for designated structural purposes. 

(ii) The theoretical and experimental 
inquiries having as objectives greater under- 
standing of the mechanism of brittle fracture 
and the factors and influences which bring it 
about. 

These two major types of approach were, 
quite clearly, mutually helpful, and have 
adduced tremendous advances in the know- 
ledge of deformation and fracture in metals. 
Generally speaking, the search for mecha- 
nisms which deal with actual individual grain 
behaviours have been more rewarding in 
America than the statistical or continuum 
theories. 

The thinking has been greatly influenced by 
the gamut of splendid observations by 
Robertson,” Williams,”* and Pellini, Puzak, 
et al.” It has seemed obligatory to weigh 
heavily the good correlation of transition 
temperatures of the ship plates of known 
service performance as determined for an 
energy level of 15ft-lb, Charpy V-notch 
and as determined by the Pellini crack- 
starter, dropweight test, and the crack-starter, 
explosion test. The latter confirm the 
findings illustrated in the following table : 


Service temperature, Average 15ft-Ib 


Charpy V-notch transition Plate service 
energy, ft-l pera performance 
3-2-11-7 (7-6 av.) 90° F.(32°C.) ... Fracture started 
3-5-19-0 (9-3 av.) ... 68°F.(20°C.) ... Fracture through 
9:2-51:4(19-2av.) ... 39° F.(4°C.) . Fracture stopped 


Some of the generally acceptable conclu- 
sions are as follows : 

(1) Sharp notches, such as cracks, freshly 
started in some cases, are an appropriate 
fundamental condition for experimentation. 

Misadventure in building structures, par- 
ticularly in welding, may produce the equi- 
valent of sharp notches or cracks ; hence 
special interest centres in the ability of the 
metal in an element of structure to resist the 
advancement of a crack, under certain defin- 
able conditions of temperature and stress. 

(2) Transition temperature, with a pre- 
cisely designated criterion, is a useful item 
of information. In practical testing, the 
degree of deformation prior to rupture, 
inherent in the criterion of transition tem- 
perature, should reflect the conditions of 
intended service. 

The amount of deformation selected as the 
criterion in the variety of tests has covered 
the range from almost none to a very great 
deal, and has been observed through reduc- 
tion in area, fracture texture, and energy 
absorption. This determining criterion of 
transition temperature (be it a limiting 
deformation, an energy value, or a fracture 
texture) should be in keeping with the 
condition of loading which the structure is 
intended to meet. If, through a very little 
flow, stress ahead of a notch is substantially 
reduced, as in the case of high residual stress, 
then only a little plasticity under notch 
conditions is needed to prevent crack 
propagation. If this stress persists even 
though considerable flow occurs, then a 
more plastic material (lower transition tem- 
perature, generally) will be required; i.e. 
one which, at service temperature, cracks 
only with the accompaniment of considerable 
deformation. 

(3) The rate of external loading is not of as 
great influence, especially when the notch is 
sharp, as was once supposed. 

_ [tis reasoned that the actual rate of increase 
in stress and hence in any resulting strain is, 
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in any event, very high just ahead of the 
crack. 

(4). The test employed should as nearly as 
possible approach in temperature and notch 
condition those contemplated in the proposed 
service which the material is designed to 
meet. 

To some extent, a temperature difference 
may compensate for a change in notch 
(triaxiality of tension) or rate of loading, 
but such extrapolations should be used with 
great caution. 

(5) By way of a mechanism of brittle 
fracture, the following is envisioned :— 

Few indeed are the metals, even in. the 
state of stress just ahead of a crack, which 
rupture with no plastic deformation whatso- 
ever, prior to the break. In steel, even in the 
so-called ‘ nil-ductility ”’ temperature range, 
some few grains at least are so oriented as 
to incur slip (deformation), and in so doing, 
se on the load to other grains unable to 

ow. 

Some of these grains, under high dis- 
ruptive stress, crack well ahead of the 
principal or gross crack. Hereupon, some 
grains again flow, but some rupture and 
in so doing they connect up smaller cracks 
and ultimately join with the principal crack. 
A little lower temperature would (1) decrease 
the total of plastic deformation and hence 
(2) decrease the energy involved in rupture, 
and (3) increase the total of purely cleavage 
grain ruptures. A slightly higher tempera- 
ture would (1) increase the proportion of 
grains undergoing slip, and also the total 
deformation, and hence (2) the energy 
involved, and (3) decrease the proportion of 
““cleavage”’ rupture in grains. At some 
point of decreasing ratio as between, broadly 
“brittle” and “ductile,” the metal would 
just be able to halt a crack, or fail to propagate 
one. 

The degree of plasticity required for this 
manifestation depends upon the nature of 
the loading in relation to its maintenance 
of stress at the crack. Or, as stated by 
Irwin,” spontaneous crack propagation will 
not occur until the strain energy released by 
an incremental extension of the crack 
exceeds the work absorbed by the material 
as a result of this extension. 

Supporting the endeavours to find criteria 
of the notch resistance of steels are a number 
of investigations dealing with microscopic- 
scale phenomena, such as the work of 
Dr. J. R. Low. That even the most brittle 
fractures in metals are initiated by plastic 
flow now appears to be well established by 
these approaches. Since plastic flow by 
slip involves the generation and motion of 
dislocations in crystalline materials, a number 
of models of processes by which dislocation 
motion might lead to microscopic and sub- 
microscopic cracks in metals have been 
investigated, mainly theoretically. 

It now appears probable that once any 
slip has occurred, a number of small cracks 
might be generated. Whether or not the 
crystal or the aggregate of crystals fails 
brittlely before any further flow can take 
place then depends on the factors governing 
the growth of these sub-microscopic cracks. 
Low, who so effectively correlated grain size 
with fracture stress,” has been studying the 
surfaces of cleavage cracks in single crystals 
and polycrystalline aggregates to learn more 
about this crack propagation process.*°° He 
finds that these cleavages are never perfect 
and that the cleavage surface always con- 
tains steps. These steps represent lines of 
overlap of the crack travelling on two slightly 
different levels and further tend to slow the 
crack propagation because of the energy 
absorbed in plastic deformation of the 
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material in the region of overlap, which 
must be torn apart. Cleavage steps, accord- 
ing to Low, may arise in a number of ways : 

(1) They may originate at dislocations 
already present in the crystal. 

(2) They may originate at low-angle 
boundaries. 

(3) If plastic flow can occur at the tip of the 
— a high density of such steps is pro- 

uced. 


* * * 


At Columbia University, Dr. Max 
Gensamer has been studying the mechanical 
behaviour of iron and steel at low tempera- 
tures, directed toward understanding low- 
temperature brittleness. At temperatures in 
the neighbourhood of the boiling point of 
nitrogen at atmospheric pressure the stress/ 
strain curve of low-carbon steel in simple 
tension is quite temperature-dependent, the 
stress required at a given strain rising as the 
temperature is lowered, with a change in 
shape of the stress/strain curve. This is a 
temperature range in which carbon and 
nitrogen diffuse very slowly, so that if the 
diffusion of an interstitial impurity is in- 
volved in strain hardening, it would seem 
that the interstitial impurity involved must 
be hydrogen. To demonstrate that hydrogen 
does diffuse rapidly at such low temperatures 
he has studied the variation with temperature 
of internal friction and has reported® an 
internal friction peak at about 120 deg. K. in 
steel charged with hydrogen. He has since 
modified his apparatus to work at very low 
temperatures, using liquid helium, and has 
found* another and more pronounced peak 
at about 50 deg. K. This lower temperature 
peak may be associated with the strain- 
induced diffusion of hydrogen in the iron 
lattice, while the higher temperature peak 
may possibly be associated with the move- 
ment of dislocations. The possibility of 
interstitial diffusion at these temperatures 
suggests observable ageing phenomena ana- 
logous to those attributable to carbon and 
nitrogen in steel at and above room tem- 
perature. 


ZONE MELTING 


We should be very remiss were we to omit 
from our discussion of trends the much- 
publicised subject of zone melting for 
purification. It is applicable to any solvent- 
solute system in which an appreciable 
difference in solubility exists as between the 
molten and solid states. The principle is not 
wholly new. In making a single crystal by 
slowly withdrawing a solid bar from a melt a 
degree of the effect has resulted ; even in 
ingot freezing, wherein the centre segregation 
reflects a considerable rejection, the working 
of the principle was before us. Indeed, an old 
process of desilvering lead practised the 
principle by mechanically transferring the 
impoverished solid crystals in one direction, 
and the enriched liquid in the other, through 
a series of crucibles which merely fluctuated, 
each over its own small range of temperature. 
The present embodiment was developed by 
W. G. Pfann at the Bell Telephone Labora- 
tories.** In the purification of germanium the 
impurities such as phosphorus, antimony and 
arsenic are thought to be reduced to 1 atom 
in 10,000 million. No independent analytical 
means are available for such concentration, 
and the figures are derived by extrapolation 
from certain behaviours. The full effect of 
zone melting is manifest only when a series of 
many melted zones are passed along the bar 
in a refractory trough. 

To overcome the limitation of batch pro- 
cesses a new. extension of the zone melting 
principle has been developed™ in which the 
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raw, impure material is continuously intro- 
duced at a midpoint and from which purified 
material is continuously withdrawn. The 
rejective influence is supplied by external 
moving heaters and since the principle of 
reflux is embodied in the method, this so- 
called zone-void method is really a counter- 
part, in crystallisation, of continuous frac- 
tional distillation. 


THERMODYNAMICS IN METALS 


It is generally recognised that a knowledge 
of the thermodynamic activity of the com- 
ponents of alloys and carbides, and also of 
slags and mattes, is essential to an under- 
standing of the metallurgical reactions in- 
volving them. Existing methods for measur- 
ing activities, such as gaseous equilibria, 
distribution, or electromotive force studies, 
fail in many cases to supply the necessary 
data. The Knudsen cell is now being used 
successfully by Dr. Law McCabe, of Carnegie 
Institute of Technology, to measure vapour 
pressures, from which activities can readily 
be calculated.** The Knudsen cell is simply 
a cylinder with a small knife-edged orifice in 
the top. The solid or liquid to be studied is 
placed inside the cell, heated in a vacuum to 
induce its volatilisation. From the amount 
of the component which escapes through the 
orifice in unit time the pressuré can be calcu- 
lated from the Knudsen equation, which is 
derived in a straightforward manner from 
the Kinetic Theory of Gases. The amount of 
material effusing from the cell has usually 
been determined by the weight loss of the 
cell or by radioactive tracer techniques. The 
latter method allows pressures as low as 10-° 
atmospheres to be measured with ease, 
tremendously extending the versatility of the 
Knudsen cell. 

The thermodynamic activity of a com- 
ponent in a solution is equal to its pressure 
above the solution divided by the vapour 
pressure of the pure substance. Using this 
simple ratio, the activity of the following 
components has been determined: Cr in 
Fe-Cr; Ag in Au-Ag; Mn in Mn,C; ; 
Mn in (Mn, Fe);C; ; SiO, in liquid CaO- 
SiO, ; Cu in liquid Cu.S; S in FeS (in 
equilibrium with Fe). 

Another approach being used in obtaining 
quantitative thermodynamic data for metals 
and alloys involves the use of a high-tem- 
perature galvanic cell. Cohen and co- 
workers®* have used the technique in studying 
the thermodynamic properties of gold-nickel, 
aluminium-zinc, and aluminium-silver alloys. 
Darken*’ has derived the following equation 
which connects the activity and the diffusion 
Tates in a given system : 

D=(N,D,+N,D,) nas 
( 1 et 2 1) ain 3 
where D=interdiffusion coefficient, N, and 
N.=mole fractions of components | and 2, 
D, and D,=self-diffusion coefficients of 
components 1 and 2, a,=thermodynamic 
activity of component 1. 

Inasmuch as the thermodynamic factor 
(@lna,)/(2InN,) is now known for the gold- 
nickel system as a function of composition 
it becomes possible to test the Darken 
equation through measurements of the inter- 
diffusion coefficient and the self-diffusion 
coefficients* as a function of composition. 
This has now been done, with satisfying 
agreement.** 

* * * 


Calorimetry provides still another method 
of obtaining thermodynamic data. Dr. O. J. 
Kleppa, of the Institute for the Study of 
Metals, is engaged in a systematic calori- 


* The self-diffusion coefficients were measufed by means of 
the radioactive tracers Au™** and Ni*. 
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metric study of binary alloys among the 
group B metals using a highly refined calori- 
meter® particularly suited for the study of 
heats of mixing and heats of solution in 
alloy systems. 


PHYSICAL CHEMISTRY OF STEELMAKING 


Studies on the physical chemistry of iron 
and steelmaking are widening the paths to 
more efficient and more intelligent operation 
of metallurgical processes. Of the investiga- 
tors in this field, the outstanding and 
voluminous work of Professor John Chipman 
and his successive associates deserves special 
attention. Professor Chipman’s contribu- 
tions have brought not only enlightenment 
and understanding of the basic chemical 
and physical relationships involved in win- 
ning iron from its ores and the refinement of 
this iron into steel, but also have pointed 
the way toward further improvement in the 
technology of iron and steelmaking. 

It is reasonable to expect that metallurgists 
and physical chemists will continue for many 
years to refer to Professor Chipman’s work 
on the free energy of iron oxides,“ the 
application of thermodynamics to the deoxi- 
dation of liquid steel,’ the equilibria and 
kinetics of slag metal reactions involving 
oxygen,* sulphur,“ phosphorus,“ and man- 
ganese.* More recently, his work on 
hydrogen in liquid steel and slags promises 
to reveal the factors which control the 
behaviour of this most elusive element, and I 
am happy to present here a résumé contained 
in a private communication from him. 

When a piece of steel containing hydrogen 
is cooled from the rolling temperature, the 
hydrogen solubility and rate of diffusion 
both decrease. At low rates of diffusion, 
the hydrogen is effectively trapped inside 
the steel in amounts which exceed its solu- 
bility in the solid metal. A large effective 
pressure can be developed which may be 
reflected in cracks or flakes, as suggested 
by Lukemeyer-Hasse and Schenck.*? Zapffe 
and Sims“ proposed that hydrogen collects 
in the sub-structure as a means of accounting 
for the fact that hydrogen decreases ductility 
very markedly without having a correspond- 
ing effect on the hardness of the steel. 
Calculations showing enormous hydrogen 
pressures at room temperature require a 
slight modification. The higher pressures 
calculated are based on the ideal gas equation 
for hydrogen, which is not strictly valid at 
these extreme pressures. At room tempera- 
ture and very high pressures, it is known that 
the actual pressure is substantially less than 
the fugacity or thermodynamic pressure 
which is derived from the calculations. 
Using the best estimate of the relation between 
fugacity and pressure for hydrogen at room 
temperature, it was shown by Carney, 
Chipman and Grant that a steel containing 
5 p.p.m. of hydrogen at room temperature 
could develop a hydrogen pressure of 12,000 
atm. 

When an ordinary sample is taken from 
the steel bath, a substantial portion of its 
hydrogen content is lost. For this reason it is 
necessary that special methods be developed 
for securing samples of hydrogen for analysis. 
The sampling device which Chipman and 
associates have used successfully is a modified 
Taylor sampler. In operation a well-slagged 
spoon is used to remove a sample of metal 
from the furnace. The metal is killed in the 
spoon with about 0-2 per cent aluminium, 
and the sample is sucked up into a copper 
mould where it solidifies very rapidly. The 
sampler is then supported on a tripod, and 
the sample is knocked out by means of a 
steel punch into a pail full of water. The 
time required for sampling and quenching 
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the sample into cold water is less than five 
seconds. After about ten seconds agitation 
in the water quench, the sample is placed 
in liquid nitrogen and is maintained at this 
temperature until time for analysis. Experi- 
ence in the development of this sampling 
device has pointed to one or two critical 
requirements which must be observed. The 
metal must be quenched very drastically from 
the liquid state into the gamma region to 
prevent the rapid diffusion which occurs in 
delta iron. It is then cooled to liquid. 
nitrogen temperature as rapidly as possible, 
removed briefly to hammer off the ring of 
steel that solidified on the outside of the 
sampler, and returned to liquid nitrogen for 
storage. 

The determination of hydrogen in a steel 
sample by solution in liquid tin and analysis 
of the evolved gas has become a well-estab- 
lished method. A recent addition to this 
method introduced by Shields, Chipman and 
Grant®™ is the use of instrumental means for 
determining the amount and composition of 
the evolved gas. The gas is collected at a 
pressure of 1-2mm Hg and is introduced into 
a thermal conductivity cell or ‘“‘ hot-wire 
gauge.” The fine platinum filament is 
heated by a current whose strength is 
adjusted to give a predetermined resistance 
of the wire—that is, to a fixed wire tempera- 
ture. The current required to bring the wire 
up to this temperature depends upon the 
thermal conductivity of the gas, which is 
highly sensitive to its hydrogen content. 
Moreover, the two impurity gases which are 
present, carbon monoxide and nitrogen, 
have almost identical thermal conductivities 
so that it is unnecessary to know the relative 
proportions of these two gases. The hydrogen 
content of the sample is thus determined by 
the pressure, the reading on the burette, and 
the ammeter. 

It has become clear that most of the 
hydrogen which is found in steel came from 
water vapour rather than directly from 
gaseous hydrogen. The open-hearth flame 
normally contains a very substantial propor- 
tion of water vapour, formed from the com- 
bustion of hydro-carbon fuels or resulting 
from steam used in atomising the fuel oil. 
Burnt lime normally contains considerable 
quantities of water unless it is very freshly 
burned or protected from the atmosphere 
between the time of burning and time of 
addition to the furnace. Water vapour is 
normally present also in the atmosphere, 
particularly in summer. 

.Water vapour is able to convey not only 
hydrogen, but also oxygen to liquid steel, 
and the chemical balance between the two 
requires that steels which are low in oxygen 
can absorb larger quantities of hydrogen. 
Equilibrium conditions in this process have 
been studied, and hence the limiting quantities 
of hydrogen which can be absorbed from 
water vapour are known and can be expressed 
in terms of the oxygen content of the liquid 
metal. From this figure it is evident that even 
under conditions of low relative humidity 
liquid steel is capable of absorbing a sub- 
stantial quantity of hydrogen if its oxygen 
content is low. Thus steel which has been 
deoxidised is particularly susceptible to 
hydrogen absorption and must be guarded 
against the access of water vapour. 


CONCLUSION 


Finally, another trend, one which I note 
here with special pleasure and gratitude, is 
the better acquaintance of British and 
American metallurgists, and the growing 
volume of exchange of research experiences, 
even in the early stages. You and your 
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colleagues in the United Kingdom ‘have 
received us most warmly on our visits which, 
as it happens, have been somewhat more 


numerous than yours to us. I sincerely 
hope you feel that you are more than welcome 
in our laboratories and meetings, for indeed 


you are. 
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International Motor Show at 
Frankfurt 


( Concluded from page 547, October 14th) 
No. II—COMMERCIAL VEHICLES 


WE continue our report of the German Motor 
Show with a survey of the commercial 
vehicles which, in contrast to the more interna- 
tional character of motor-car section, were mainly 
of German origin. Germany’s production of 
commercial vehicles has not progressed at the 
same rate as that of private cars, the total pro- 
duction in the first six months of 1955 amounting 
to 70,075 units, compared to 59,275 in the same 
period of 1954. This increase of 22 per cent 
compares unfavourably with that of 38 per cent 
attained in the field of motor-cars. The exports, 
amounting to 42 per cent of the total production, 
only showed a rise of 8 per cent during the 


_ above-mentioned period, apparently because the 


increased demand of the home market left fewer 
vehicles available for export sales. 

At Frankfurt again, as at other recent motor 
shows, we noticed that the technically minded 
public seemed to be more interested in the display 
of commercial vehicles than in that of motor-cars. 
The reasons are that nowadays very few car 
manufacturers are going to the trouble of 
exhibiting chassis or exploded models revealing 
the mechanical features of their products, 
whereas such an opportunity was amply provided 
for in the commercial vehicle section. 

Another matter which particularly tends 
to attract the engineer is the versatility of the 
commercial vehicle industry and its readiness 
to accept new ideas, in contrast with the 
more conservative attitude of the automobile 
industry. Less committed than motor-car 
manufacturers to the methods of large quantity 
production, the German industry of commercial 
vehicles is more inclined not only to improve 
acknowledged good constructions in the light 
of suggestions and criticism received from users, 
but also to produce on its own accord new 
developments, constituting major advances in 
design. In this respect the display of the com- 
mercial vehicles was very satisfactory, although 
the bold spirit of adventurous design seemed to 
be affected to some extent by certain apprehen- 
sions about the future of the domestic market. 

On the instigation of the Federal German 
Railways, which, though clearly incapable of 
coping with an increased volume of goods 
traffic, are uneasy about their loss of revenue, 
the Government is considering a restriction of 
the road traffic by legislative measures. Such 
measures might easily entail new regulations 


> 


Fig. 10—The Biissing city service bus is one of the few with underfloor engines 


concerning the maximum permissible speed, 
the overall dimensions and the total laden 
weight of heavy vehicles and are bound to have 
a profound influence on the design of trucks, 
at least of those built for the home market. 
Faced with this prospect most of the directly 
affected manufacturers of heavy vehicles, there- 
fore, have adopted a rather cautious attitude 
in their latest designs. In view of a possible 
reduction of the maximum laden weight they 
have become more conscious of the necessity 
for lighter constructions, a trend which is 
reflected by the increased use of alloyed steel and 
light metal and, further, by the adoption of lighter 
power units, such as air-cooled, supercharged 
and two-stroke diesel engines. The anticipation 
of a probable reduction of the overall dimensions 
has led to a more general adoption of construc- 
tions which offer a maximum of floor space for 
a given track and wheel base, i.e. to “ forward 
control,” and to the use of underfloor engines. 
The former design, when first introduced on 
German vehicles, met with little approval on 
the part of the drivers who used to complain 
that their driving comfort was adversely affected 
by engine noise and heat. Nowadays, with the 
installation of better noise and heat insulation, 
the superior vision afforded by forward control 
is generally appreciated. The increased use of 
underfloor and forward control in heavier 
vehicles has naturally stimulated the develop- 
ment of components as improve the safety and 
the handling properties of these vehicles. We 
mention in this connection the growing applica- 
tion of power-assisted steering for forward 
control vehicles, necessitated by the increased 
front-axle loading and of suitable mechanism 
for easier gear changing of the remote gearboxes 
of vehicles fitted with underfloor and rear- 
mounted engines. 

The foregoing remarks apply exclusively to 
the heavier trucks as no drastic changes of 
the existing regulations are expected in the 
field of public service vehicles ; besides, light- 
weight construction has always been practised 
in German bus and coach design, and there seems 
to be little scope for further weight saving. In 
this connection it is worth mentioning that bus 
design in Germany has developed in a different 
way from that of this country. The former 
traditional construction of buses with bonnets 
has practically disappeared from the roads and 
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has been replaced either by forward-control 
buses, mainly for light and medium class vehicles, 
or by rear-engined buses and coaches for the 
heavier vehicles. Underfloor-engined public 
service vehicles are being made by two firms 
only ; all other German manufacturers have 
adopted a rear-engine arrangement in which 
the power gearbox unit is mounted longitudinally, 
parallel to the centre line of the vehicle, and 
transmits the torque to the rigid live rear axle 
by means of a short, universally jointed propeller 
shaft. The advantages claimed for this arrange- 
ment are a floor level considerably lower than 
that attainable with underfloor engines and a 
large luggage-carrying capacity between the 
wheels. Difficulties, formerly encountered in 
the operation of clutch, gear change and engine 
controls have now been overcome by electric 
or hydraulic remote control and by full or semi- 
automatic transmission units. 

Turning now to the stands of the various 
manufacturers, it is obvious that only a few of 
the numerous exhibits displayed by twenty-four 
Germany and five foreign firms can be reviewed. 

Biissing, one of the oldest and best-known 
German manufacturers of heavy commercial 
vehicles, showed not less than six newly-developed 
chassis for trucks and buses, all but one of them 
fitted with six-cylinder underfloor diesel engines. 
An interesting exhibit was an all-wheel-drive 
truck for a maximum payload of 8-2 tons, 
powered by a 10-8 litre engine which develops 
170 h.p. at 2000 r.p.m. The engine torque is 
transmitted to the double-reduction front and 
rear axles via a six-speed gearbox, a power 
divider gear and two propeller shafts. The 
chassis is notable because of the accessibility of 
the engine and for its quite considerable road 
clearance of 174in. On the same stand a new 
light bus, fitted with a 130 h.p. underfloor 
engine of 6-8 litre capacity, attracted much 
attention (Fig. 10). The chassis of this vehicle 
is intentionally kept light, just rigid enough to 
carry the mechanical components, but not the 
weight of the body and of the passengers. It 
attains its full load-carrying capacity only in 
conjunction with the stiff all-steel body of 
skeleton construction which can be made 
according to the individual requirements of the 
user and is eventually bolted to the frame to form 
an integral unit. 

On the Mercédés-Benz stand there was a large 
selection of trucks and public service vehicles, 
the most interesting of which was a light rear- 
engine bus fitted with a six-cylinder 5-1 litre 
diesel engine developing 110 h.p. at 3000 r.p.m. 
The chassis of this vehicle is a stiff box-shaped 
structure of considerable resistance to bending 
and torsional stresses which is built up of two 
very high longitudinal fabricated girders. The 
top and bottom flanges of these girders are made 
of square tubing joined by welding to the inter- 
connecting webs made of steel sheeting. The 
cross members are of similar design and are 
welded to the longitudinal members to form the 
above-mentioned box-shaped structure, which 
not only encloses the heating and ventilating 
ducts but also all cables, hydraulic pipe-lines 
and the linkages for clutch, gear-change operation 
and engine controls. The engine, with the five- 
speed synchronised gearbox, is mounted on a 
sub-frame which can easily be detached for 
service and maintenance purposes (Fig. 11). The 
rigid front axle is supported by coil springs, the 
drag and the brake torque reaction being taken 
by a triangular structure of struts linked to a 
chassis cross member, and the transverse forces 
by a short Panhard rod. The whole front 
suspension is assembled on a sub-frame con- 
nected with the chassis by strong rubber-mounted 
metal fittings. 

Another interesting Mercédés-Benz vehicle 
exhibited at this stand was a 1}-ton delivery 
van and “ pick-up” of the “ cab-over-engine ”’ 
type, powered by the well-known 1-8 litre 
motor-car diesel engine (Fig. 13). The chassis 
is designed on similar lines to the 1-8 and 2-2 
litre motor-cars, i.e. it has a stiff platform 
suitably reinforced by tubular longitudinal and 
cross members and by the propeller shaft tunnel. 
The all-steel body is welded to the platform to 
strengthen the whole structure. The same 
chassis is available as a small bus with seating 
accommodation for seventeen passengers. 

Henschel showed a new range of forward- 
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Fig. 11—Engine compartment of the 110 h.p. Mercedes-Benz bus; alternative drive ratios for the 
fan are provided 


control vehicles, among them two trucks for a 
payload of 8-25 and 9-25 tons, which were 
powered by six-cylinder diesel engines of 8-5 
and 11 litre capacity, respectively. The latter 
engine, developing 180 h.p., was also fitted in a 
new six-wheeler all-drive tipper (Fig. 12), designed 
for a maximum payload of 16 tons; the con- 
tainer of fabricated steel had a capacity of 
350 cubic feet and is hydraulically operated. 
Other Henschel exhibits included several 
underfloor buses, among them a bus fitied with 
a 210 h.p. engine, jointed to a trailer coach by a 
bellows arrangement. Both bus and trailer are 
built in all-steel construction and the total 
length of this combination was 60ft. Another 
bus with a 160 h.p. engine, built in stressed-skin 
light metal construction, has the low unladen 
weight of 74 tons and is designed to carry up to 
116 passengers in short-distance urban traffic. 
This vehicle, having an overall length of 37ft, 
exceeds the maximum length permitted in most 
Continental countries, and is made for sale 
overseas only; in order to save} shipping 
space and freight the body is built up from five 


major groups of composite panels which can be 
assembled with little difficulty. 

Magirus, a company associated to Humbold- 
Deutz, showed various items from their manu- 
facturing programme, which includes trucks, 
buses, communal vehicles and, in particular, 
fire-engines and fire-escapes. All these, vehicles 
were equipped with Magirus-Deutz air-cooled 
diesel engines ranging from 85 h.p., four cylinder 
in line, to 250 h.p., twelve-cylinder vee engines. 
The latest Magirus design, a forward-control 
truck for 7-5 tons payload, had an eight-cylinder 
vee engine of 175 h.p., a six-speed gearbox and 
hydraulic operation of clutch and gear change by 
remote control. 

Deutz air-cooled engines could also be seen 
in several vehicles made by other manufacturers : 
the six-cylinder, 130 h.p. vee engine, for instance, 
formed the power unit of the Kraus-Maffei bus, 
a vehicle built in light stressed-skin steel con- 
struction. This bus seemed to interest many 
visitors, mainly because of the well-designed 
independent front-wheel suspension which 
employs wishbones of unequal length in con- 





Fig. 12—The Henschel tipper has a 13-cubic-yard body; all axles are driven through an engine-speed 
transmission 
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junction with coil springs and telescopic dampers. 

The design of German light commercial 
vehicles and delivery vans follows more or less 
conventional lines ; the former practice of con- 
verting for this purpose normal passenger car 
chassis has ceased, but major components, such 
as engines, transmission units and axles, are 
utilised if they are strong enough to stand up to 
the higher stresses imposed by the increased 
load. There were some interesting vehicles on 
show built by the various firms which specialise 
in the manufacture of the less orthodox types of 
motor-cars, such as the Volkswagen Works 
(V.W.), Auto-Union, Goliath, Tempo, and 
others. Here again certain parts of the respec- 
tive motor-car models have been retained, such 
as air-cooled and two-stroke engines, rear engine 
mounting, front-wheel drive, &c. (Fig 15). The 
layout of the chassis, however, has been altered, 
in some cases considerably, to meet the con- 
ditions of an increased load and a different load 
distribution. Vehicles of this and similar design 
with a chassis weight of generally less than 
16 cwt or 17 cwt are designed to have goods- 
carrying bodies for a payload up to 25 cwt, 
fitted with a variety of bodies to suit manifold 
purposes and, being economical in use, they are 
particularly popular for local delivery work. 
They are also used as small buses with a capacity 
of from‘eight to twelve passengers (frequently up 
to twenty school. children) with adequate comfort 
and are mainly employed when a small volume 





Fig. 15—The 
(D.K.W.) delivery van, showing 
three-cy! 


compartment of the Auto-Union 
the water-cooled, 
linder, two-stroke engine 





Fig. 13—The 35 cwt Mercedes-Benz delivery van has a 1-8-litre 
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of traffic does not justify the service of larger 
vehicles (Fig 14). 

After this survey of some of the more interest- 
ing commercial vehicles at the German show 
we now turn to a consideration of the trends 
which seem to govern their design. 

One particular aspect which has justly received 
attention from manufacturers is the comfort of 
the driver, on whom the safety of persons and 
property depends. This applies as much to the 
actual seating comfort as to the provision of 
such items as heaters, demisters and defrosters. 

Much thought and work has been devoted to 
reduce the physical effort of driving, in particular 
to facilitate gear changing, steering and braking. 
Many heavy vehicles, the front axle loading of 
which frequently exceeds 6 tons, were fitted with 
power-assisted steering devices, which, though 
generally of American design, are being built 
under licence by German firms. The tendency to 
lighten the steering effort also applies to 
medium-weight vehicles, many of which are 
equipped with the Gemmer, the Ross, or the 
recirculating ball steering gear. 

The engine brake nowadays is standard equip- 
ment for many vehicles. This device generally 
consists of a throttle valve in the exhaust mani- 
fold ; in the case of the Krupp uniflow two- 
stroke diesel engine the camshaft is turned by 
a servo mechanism about an angle relative to 
the crankshaft, thus causing the engine to 
operate as a compressor. 

Considerable strides have been made in the 
development of gearboxes. The old sliding pinion 
gearbox has practically disappeared, even from 
very heavy vehicles, and has been replaced by 
gearboxes with constant-mesh_helical gears, the 
engagement being effected by dog clutches. A 
further step forward in this development is the 
introduction by Zahnradfabrik Friedrichshafen 
(Z.F.) of five and six-speed gearboxes with 
positive-lock synchronising mechanism for 5-ton 
and 6-ton vehicles. The positive-lock mechanism 
is similar to that of the motor-car gearboxes, as 
described in THE ENGINEER of April 17, 1953. 
The synchronised gearboxes have the same out- 
side dimensions as the above-mentioned con- 
stant-mesh gearboxes and are being made for 
intake torques up to 550ft-lb. The adoption of 
synchronised gearboxes in heavy vehicles con- 
stitutes a major contribution to safety, enabling 
the driver on a descending incline to engage a 
lower gear without having to take his foot off the 
brake pedal 

Apart from gearboxes which make gear 
changes easier and safer, devices are now being 
offered to reduce the manual effort of this opera- 
tion. This applies in particular to gearboxes of 
underfloor and rear-engined vehicles, where the 
mechanical linkages from the driver’s cab to the 
gearbox are gradually being replaced by 
hydraulically-operated devices. A further 
improvement in this respect is the pneumatic 
gear change system of Z.F., which employs for 
this purpose compressed air from the brake air 
container. By this means the manual effort of 
gear changing has been reduced to a fifth. 

Z.F. also produces the ‘“‘ Media’ gearbox, 
characterised by multi-disc friction clutches in 
all gear stages, with pneumatic or electric control 


Fig. — application of front-wheel drive to a forward-control 
an is demonstrated in the D.K.W. eight-seater bus 












by the driver. Though gear changes can be 
effected without using the main clutch between 
engine and gearbox, this clutch is still required 
for starting, as the gear clutches of the bottom 
stages cannot be made large enough to take the 
full torque during this period. The main clutch, 
however, has been replaced by a torque con- 
verter in the Z.F. “ Hydromedia ” transmission, 
which consists of a combination of a torque 
converter and a three-speed multi-disc gear. 
This transmission is being made for 4-ton and 
6-ton vehicles with an intake torque of 300ft-lb 
and 475ft-lb respectively. The torque converter 
is only used for starting in bottom gear ; in all 
other gears the torque converter is locked solid 
by mechanical means in order to eliminate 
conversion losses. 

In the field of diesel engines some progress has 
been made by the increased use of super- 
charging. Turbo-charging is being employed 
by Maschinenfabrik Augsburg-Niirnberg 
(M.A.N.), by which means the output of engines 
is generally raised by about 30 per cent. Though 
turbo-charging of four-stroke engines might 
still be the ultimate aim of designers, even for 
small-cylinder units, it seems that the high price 
of the exhaust turbine will make this system 
uneconomical for power units of less than 
8 litres cylinder capacity. There are indications, 
however, that the mechanically driven blower 
will come into its own as a useful means of 
increasing the specific output of smaller engines. 


Fig. 16—The Ford four-cylinder two-stroke has its 
blower directly attached to the crankcase. The 
heaters seen project into the swirl chambers cast in 
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An example of this design was shown by 
Hanomag in the form of a four-cylinder, 2-8-litre 
engine, which was fitted with a vee belt driven 
Roots type blower. The blown engine develops 
70 h.p., compared to 50 h.p. of the normally 
aspirated engine. The power absorbed by the 
blower amounts to some 9 h.p., 50 per cent of 
which is being regained in the engine owing to the 
reduced work done during the induction stroke. 

The two-stroke system, which so far has had 
its only representative in the Krupp unifiow 
scavenged engine, has now been adopted by one 
more firm, namely by the Ford Motor Company, 
of Cologne. The new Ford engine (Fig. 16), 
however, employs the loop-scavenged system, 
which generally permits a higher engine speed 
than the uniflow scavenged engine, in which the 
maximum speed is limited by the permissible 
valve acceleration. Developed by the Ford 
Company in collaboration with Professor 
List, the designer of the Jehnbach and the 
Turner engine, it has the same features and, 
incidentally, the same basic dimensions as 
these engines, namely, a bore of 92mm 
and a stroke of 105mm. It is being made as a 
2-8-litre, four-cylinder and as a 4-2-litre, six- 
cylinder engine, with an output at 2800 r.p.m. 
of 80 h.p. and 120 h.p. respectively. 

The Vee-cylinder arrangement, with an included 
angle of 90 deg., has been employed for both 
engines because of the good balance of the 
inertia forces. The cylinder block is cast of 
light metal integrally with the crankcase ; also 


Fig. 17—M.A.N. “‘M”’ type compression-ignition 

engine has a combustion chamber in the oil-cooled 

piston: the injector sprays on to the walls of the 
chamber 


of light metal are the individual cylinder heads, 
which are fitted with cast-in steel combustion 
chambers. The wet cylinder liners are well 
cooled, particularly in the middle portion where 
the ports are located. The scavenging air is 
supplied by a gear-driven Roots blower and the 
combustion chamber is formed as a swirl chamber 
in order to make use of the self-cleaning pro- 
perties of the single-hole, pintle type nozzle. 
The engine has a compression ratio of 18-6: 1 
and the maximum brake mean effective pressure 
between 1800 and 2000 r.p.m. amounts to 70 Ib 
per square inch. 

Another new range of engines, though in 
appearance hardly distinguishable from any 
other orthodox diesel engines, was the centre 
of attraction for many experts. The M.A.N. 
type ““M” engines are characterised by a new 
combustion system which combines the low 
fuel consumption of a diesel engine -with the 
smooth running and the good starting response 
of a petrol engine. The general layout of the 
new engines is almost identical with that of the 
previous models, but the hemispherical com- 
bustion chamber, which originally was offset 
relative to the cylinder axis, has now been placed 
on the centre line. Instead of having an exposed 
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edge at the chamber enttance, liable to cracking 
at overload, the new chamber is only slightly 
contracted at the top and has a crescent-shaped, 
cut-away section at the location of the injector. 
The fuel, injected in two narrow jets, impinges 
on the walls of the combustion chamber in an 
almost tangential direction and is spread over the 
whole surface as a thin film by the rotary air 
swirl. The latter was originally promoted in 
the usual way by a masked inlet valve, but is 
now generated by “ directed induction,”’ i.e. 
by the shape of the inlet port. The air swirl 
is directed towards the bottom of the piston 
recess by a spiral shaped groove built in the 
piston crown. The fuel film, deposited on the 
comparatively cool surface of the combustion 
chamber, is only 0-0014mm thick and the actual 
mixing process takes place as the fuel evaporates 
from the surface. Evaporation is slow during 
the ignition lag, but is considerably accelerated 
when the ignition takes place. This prevents 
an appreciable amount of mixture being formed 
during the ignition lag, which would result in a 
steep pressure rise. The rate at which the fuel 
mixes with the air is automatically controlled 
by the rate of combustion and is practically 
independent of the ignition quality of the fuel 
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in terms of octane number or cetane number, 

The piston is cooled by a lubricating jj 
stream, directed from a jet in the crankcase 
towards the bottom of the piston crown. This 
cooling system seems simple and particularly 
suitable for the M.A.N. combustion system, 
which, to a great extent, depends on the main. 
tenance of the correct temperature at the walls 
of the piston recess. 

Apart from the above-mentioned absence of 
the typical diesel “ knock,” the new M.A.N. 
engine is capable of digesting all petroleum 
distillates that lend themselves to burning in 
internal combustion engines ; in other words, 
all fuels within the distillation range from 
40 deg. up to 400 deg. Cent. It is therefore 
possible to use in this engine practically all fuels, 
even petrol with an octane rating up to 86, 
without the necessity of making any adjustments 
to the compression ratio, the timing or the 
injection pump. The value of this multi-fue] 
operation is evident, particularly in countries 
where the difference in price of petrol and diese] 
oil is insignificant and where only the one or the 
other might be temporarily available. It also 
makes the engine suitable for military 
applications. 


The Citroen “D.S.19” 


At the Paris Motor Show on October 6th there was revealed a 2-litre Citroen 
whose most noteworthy characteristic is that the driver is not called upon to 
provide the energy to operate the controls. 


HILE the “ D.S.19 ” Citroen is unmistakably 

a car designed completely afresh, it follows 
all other Citroens of the last two decades in its 
general arrangement. However, those features 
that have been criticised in the earlier models 
have very naturally disappeared in the redesign ; 
for instance, no vestige of the mechanical remote 
control that did not encourage gear changing 
survives in the power-operated transmission. 
A close study of the car shows that, where 
innovations cannot be satisfactorily proved on 
rig tests, as can be the gear selector, they are 
essentially simple in construction. The power 


steering is an example, being an elementary 
non-reactive system, and in view of the wide 
variation of tractive load on the wheels and the 
reputed freedom of Citroens from displaying 
vice on ice, such a system can easily be justified. 
The hydro-pneumatic suspension, which con- 
tinually trims the car to ride level irrespective 
of load distribution, has been in use for some time 
on the rear wheels of the six-cylinder “* Quinze.” 
A demonstration of this car over representative 
“colonial ’’ conditions assured us that, once 
the speed is allowed to rise, ‘the suspension 
subdues major irregularities, and does so with 


+ 
tu 


Fig. 1—The machinery space of the 2-litre Citroen is well filled. In the foreground are the steering control 
valve and, beyond the exhaust pipe, the hydraulic pump. Above the steering column can be seen a 
suspension unjt, the manual brake cable and the hydraulic gear selector. The cleaned air duct passes 
over the crankcase air strainer, and beyond the carburetter the twin coils are visible. Below the oil filler 
spout is a hose feeding warm water through the induction. manifold, taken from a pump seen beyond the fan 
shroud. At the extreme right is a 6V battery. Ventilating air ducts run each side of the bonnet 
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yery little noise. The limitation of speed on an 
unprepared surface becomes not comfort, but 
the eflort needed on the wheel to hold course ; 
without doubt, the car with power steering will 
impose exceedingly severe demands on its 
running gear. 

The engine is the one major component that 
may appear conservative : the bore and stroke, 
78x 100mm, are those of the previous water- 
cooled engines. Ina car ofthis arrangement the 
overall length of the engine is, of course, reflected 
in the wheelbase. Examination of the engine 
proves, however, that the light alloy cylinder head 
has valves inclined at about 60 deg. in hemi- 
spherical combustion chambers ; the inlet and 
exhaust manifolds being on opposite sides of 
the engine, the former is warmed by water from 
the circulating pump. The carburettor is a 
twin-choke Weber, arranged so that the second 
throttle commences to move only when the first 
is full open ; the pipes to and from the accessible 
mechanical pump are flexible. The sparking 
plugs are in the centre of the head, and are fed 
in pairs from double coils controlled by twin 
contact breakers ; thus there is no distributor 
and point life is long. The exhaust manifold, 
screened by an insulated radiation shield, feeds 
forward to an expansion chamber low in the 
nose, from which the exhaust pipes pass under the 
middle of the car to emerge at the tail. A large 
pulley on the front of the camshaft drives the 
water pump and, on the same shaft, an eight- 
bladed coarse-pitch nylon fan. closely shrouded 
by the radiator cowling, as well as the 264W 
generator and a seven-plunger hydraulic pump. 
This pump draws Lockheed hydraulic fluid 
through a filter in a reservoir under the bonnet, 
which is provided with a level indicator in the 
form of a flexible transparent pipe connected to 
it top and bottom, and delivers the oil to an 
accumulator consisting of a sphere divided into 
two compartments by a diaphragm. The closed 
compartment contains gas; the open one is 
charged with oil until the pressure in the sphere 
reaches a value in excess of 1000 Ib per square 
inch, set by the pressure-control valve, which then 
directs the pump delivery to the reservoir. 

The transmission resembles current British 
practice in having a single-plate, hydraulically 
operated clutch and a four-speed gearbox with 
synchromesh for all upward changes. However, 
the effort to disengage the clutch and energise 
the synchromesh is not provided by the driver, 
but by the hydraulic system. Each selector 
shaft, spring loaded to the neutral attitude, is 
the piston of a servo motor ; the driver’s control 
is a delicate lever at the finger tips of his right 
hand, which is connected to two relays. Pressed 
beyond the first gear position, which is opposite 
reverse and, like second, can be reached from 
neutral, it energises the starter motor, and it also 
controls the various rams operating clutch and 
gears. Two additional sensing devices feed into 
this system; a governor on the engine dis- 
engages the clutch at a selected minimum speed, 
and a modulator varies the rapidity of clutch 
movement according to throttle opening. The 
hydraulic selector frees the clutch during each 
shift and makes the change, as prescribed by 
the synchro mechanism, in two stages of approach 
and engagement. The selector can be seen on 
the scuttle in Fig. 1; the various small-bore 
pipes have brazed unions. A valve is provided 
to open the clutch actuating circuit to allow the 
engine to be started by towing or use of the 
crank handle, which drives through the gearbox. 

The power is transmitted through a spiral 
bevel pinion and crown wheel with a reduction 
of 3-88 to universally jointed half shafts with 
double Hookes couplings to give constant 
velocity at the steering ends. As can be seen 
in Fig. 2, the axle carriers are located by ball 
joints at the ends of equal arms journalled in 
longitudinal pivots : the height of the wheel is 
governed by the upper arm, which at its rear 
end has a bell crank linked to a transverse anti- 
roll bar and coupled to the suspension unit. 
The suspension unit resembles the accumulator 
in having a hemisphere of compressed gas, 
which in this case acts as the spring. Move- 
ment of the wheel passes liquid into or out of 
the sphere through restrictions which provide 
damping. The equilibrium length of the units 
is determined by a height corrector valve in 
the main hydraulic circuit (Fig. 3), which 
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Fig. 2—Arrangement of front suspension, showing the 
enclosed constant-velocity universal joint and the 
hexagon transmitting torque to the wheels 


increases or decreases the total amount of fluid 
in the two units. It will be clear that such a 
suspension does not have a constant rate, but 
mes progressively harder as the gas volume 
is reduced. The hub carries a simplified form 
of centre lock wheel, pressed from steel— 
unusually enough, nave plates are provided. 
It can also be seen that each hub is steered 
by a track rod element equal in length to the 
swing arms. These rods are positioned by bell 
cranks themselves linked to the moving element 
of a rack and pinion. The rack terminates 
in a large double-acting piston, the pressures 
in whose cylinder are controlled by a simpie pair 
of non-reactive valves located on the pinion 
member, coupled into the main hydraulic 
circuit by a rotating union. These valves are 
controlled by the steering column so that the 
ram always acts to move the pinion in phase 
with the steering wheel: the range of move- 
ment of the valves is small and the steering 
action becomes solid when it is completed, so 
that without hydraulic energy the steering 
appears as if normal but with a slight backlash. 
The steering column is, at the top, bent over to 
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one side to become the single spoke of the 
circular wheel. 

On either side of the final drive are the discs 
of the front brakes ; their brake lining area is 
very large at 42 square inches, and wear is auto- 
matically compensated. A button, rather than a 
pedal, before the driver causes the main hydraulic 
circuit to apply both these and the outboard 
drum brakes at the rear ; the division of effort 
between these brakes is governed by the pressure 
level in the front and rear suspensions, as 
determined by the height corrector valves. 
Separate accumulators and control valves are 
provided for front and rear brake systems, each 
being charged through a non-return valve. For 
parking purposes and emergency use a pedal 
under the driver’s left foot can apply the disc 
brakes through cables and can be locked on. 

Also located under the bonnet are the wind- 
screen washer, a 6V battery on the side remote 
from the exhaust system, the wiper motor and 
other electric ancillaries, and at the extreme front 
a spare wheel. This and all other wheels carry 
165400 Michelin X tyres, which, it will be 
recalled, have three layers of steel wire within 
the tread, resulting in a minimum deflection and 
maximum stability under cornering forces. Tubes 
are butyl for low leakage. 

As has been indicated in the discussion of the 

brake system, the rear suspension also is hydro- 
pneumatic. A single trailing arm each side 
carries the stub axle : while on the earlier saloons 
the anti-roll member took the place of a con- 
tinuous axle, this model has a torsion bar 
joining the trailing arm pivots and the result is a 
veritable cavern of a luggage boot between the 
wheels. 
The body also of this car holds much interest 
for the engineer: curiously enough, a resemb- 
lance can be seen to the rear-engined “ Tatra.” 
Deep side members flank a flat floor, joining 
transversals which at the rear carry the trailing 
arms and at the front form a bulkhead bulging 
behind the engine into the cabin: (externally, 
the bottom is as smooth as if an undertray were 
fitted). The roof is plastic, supported at the front 
and between the doors on slender pillars. The 
four doors pivot about points within their 
thickness near the leading edges: they end at 
waist level except for extensible glass windows. 
The windows, if raised, close against flexible 
rubber weather strip when the doors shut, and 
similar material seals the leading edges of doors 
and the light alloy boot lid : the latter is counter- 
poised by sprung struts simply installed. The 
bonnet also is of light alloy and is insulated on 
its inner surface, a stay being provided to support 
it. Within, the driver will find two separately 
adjustable seats, and a multiplicity of controls 
for hot and cold air admission: through his 
steering wheel he sees his speedometer, clock 
and warning lights, and at his right hand is a 
twist grip for the Marchal lamps and the horns. 
In the centre of the dash, below a covered tray, 
is the control for the turning indicators, which 
at the rear are mounted above the window to 
avoid confusion with brake lights. This window 
and the windscreen are shaped plastic and 
instead of having frames are clamped by padded 
screws. The extreme rearward location of the 
undriven wheels allows a very wide rear seat, 
under which there is a 14-gallon petrol tank. 

The dry weight of the car is 22 cwt. The fourth 
speed has not been made an excuse for a very 
low second, for the upper three ratios give speeds 
of 50 m.p.h., 72 m.p.h. and 87 m.p.h. The one 
criticism which we heard voiced in English was 
that such an outstanding chassis had not been 
endowed with more than 75 h.p. 





LANCASTER By-Pass Motorway.—The Ministry 
of Transport and Civil Aviation has published a 
scheme for the construction of an 11-mile road 
by-passing the City of Lancaster on the London-— 
Carlisle Trunk Road and forming part of the pro- 
jected Birmingham-Shap motorway. It is hoped to 
start constructional work in the financial year 
1957-58. The road will run from a point on the 
London-Carlisle-Glasgow-Inverness trunk road at 
Hampson Green in Lancashire in a general northerly 
direction and pass to the east of Lancaster and Carn- 
forth, to a point on the same trunk road at Keer 
Bridge, just north of Carnforth, by-passing not only 
Lancaster, but also the districts of Galgate, Slyne, 
Bolton-le-Sands and Carnforth. Its cost will be 
about £2,000,000. 
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Iron and Steel Institute Meeting 
at Scunthorpe 


AST week, the Iron and Steel Institute held a 

three-day meeting at Scunthorpe. It was 
attended by more than 400 members and ladies, 
the interesting and varied programme of events 
being arranged by a local committee under the 
chairmanship of Lieut.-Commander G. W. Wells, 
R.N. (Ret.), president of the Lincolnshire Iron 
and Steel Institute. The programme included 
sessions for the discussion of technical papers, 
visits to iron and steel plants in the district, a 
civic reception, an Institute dinner, and—for 
the ladies—excursions to places of particular 
interest in the area. The president of the Iron 
and Steel Institute, Sir Charles Bruce-Gardner, 
Bt., accompanied by Lady Bruce-Gardner, was 
present throughout the meeting. 


TECHNICAL SESSIONS 


The sessions for the discussion of technical 
papers were held on Wednesday and Thursday 
mornings of last week. They were prefaced by 
the presentation of the Institute’s Sir Robert 
Hadfield Medal for 1955 to Mr. T. F. Holmberg, 
technical director of the Oy Vuoksenniska Ab, 
Finland. 

The papers were based on experience in the 
iron and steel industry in and around Scunthorpe, 
the first, by Mr. G. D. Elliot, being entitled 
“Developments in Ironmaking at Appleby- 
Frodingham.” Mr. Elliot described the improve- 
ments which have been made in the Appleby- 
Frodingham plant since the war, and said that 
improvements in sintering practice had led to an 
increase of sinter in the furnace burden to almost 
100 per cent with very considerable savings in 
the cost of iron. In concluding the paper, Mr. 
Elliot remarked that the last decade had seen 
serious deterioration in coking coals and Froding- 
ham and Northampton iron ores. Sulphur in 
coking coal had increased as it had in iron ore. 
The iron content of the ores had decreased and 
the amount of ferrous iron had increased. All 
these things added to the difficulties of economi- 
cally making pig iron from these raw materials. 
Ironmaking at Appleby-Frodingham, Mr. Elliot 
said, was now firmly established on the basis of 
carrying burden preparation to its logical limit 
and charging to the blast furnace high-quality 
coke and virtually nothing but sinter. It was 
not suggested that no problems remained. 
The problems associated with smelting were, in 
the main, quite different from the problems 
associated with smelting British carbonate ores. 

The next paper was presented by Mr. W. L. 
James and described the expansion scheme 
carried out by John Lysaght’s Scunthorpe Works, 
Ltd., at the Normanby Park steel works, which 
were originally opened in 1912. At the end of 
the war, it was decided to replace old plant and 
to undertake extension of the works, an expen- 
diture of about £10,500,000 being envisaged. 
The project involved the replacement of coke 
ovens, the installation of a new blast furnace 
and the modernisation of existing units, an 
increase in the size of open-hearth furnaces, and 
the installation of new soaking pits, a new rolling 
mill, a wire rod mill and all the necessary ancillary 
services. With these extensions, it was estimated 
that average weekly outputs of 7200 tons of iron, 
10,500 tons of steel ingots and 3200 tons of wire 
rods could be achieved. These production rates, 
Mr. James stated, had now been exceeded. 

On Thursday morning four papers were read 
at two simultaneous sessions. The first paper, 
by Mr. S. R. Isaac, described steelmaking 
at the Redbourn works of Richard Thomas and 
Baldwins, Ltd. The paper included a detailed 
survey of the layout, equipment and operation 
of the melting shop and mentioned a new 
desiliconising plant which has been installed. 
In the paper, Mr. Isaac stated that Redbourn 
had made a substantial contribution to the 
development of the all-basic open-hearth furnace. 
At the outbreak of the second world war two 
complete all-basic furnaces were in operation 
and a third was being converted. After the war, 
the work of conversion was completed and two 
more all-basic furnaces were built at Redbourn. 


Mr. Isaac went on to say that the results with 
all-basic furnaces left no doubt about the 
increased rate of working that could be achieved, 
although there were a few “snags”! First and 
foremost was the slag pocket capacity, which was 
the most serious source of delay now that the 
furnace capacity had been increased to 120 tons. 
This necessitated the furnace coming off for the 
pockets to be cleaned out about every fourteen 
weeks. Heating up with big, heavy, partly-worn 
basic roofs was found to be a difficult task ; 
although, by taking it very steadily, it could be 
done, the time taken reduced furnace availability 
and thus reduced the benefits of the increased 
rate of production. A further factor was the 
high cost of all-basic roof bricks. As a result, 
Mr. Isaac explained, a compromise had been 
reached : all the furnaces had been built with 
complete basic uptakes and ends, all-basic back 
and front linings, and a 42ft silica roof over the 
bath. This combination gave the best all-round 
refractory cost and permitted a good furnace 
availability (about 90 per cent) to be maintained. 
The present aim was to run these furnaces at 
maximum capacity and get twelve to fourteen 
weeks’ run from the silica roof, and then throw a 
new silica roof over. This could be done fairly 
quickly, the time from tapping the last cnarge 
in the old roof to tapping the first off the new 
roof being about forty hours. It was hoped to 
reduce this time in the near future by using light 
alloy centres in place of the wooden centres now 
used. For carrying out a repair of this sort the 
procedure at Redbourn was to fettle after the 
last charge, charge sufficient scrap, limestone and 
ore to bring the bath up to sill level, plate over 
with old sheets, and then, putting in as many 
charging pans as possible, drop the old roof. 
In this way cleaning could largely be effected 
while the roof was being put on, under more 
comfortable conditions than with an empty 
bath. The repair and cleaning out completed, 
the damper was put in for about two hours, 
which was sufficient to bring the roof temperature 
above the spalling point. The furnace was then 
lit up and gas was kept on bothends. This, with 
reversing every ten minutes, soon brought the 
furnace and regenerators up to normal working 
temperature. 

Mr. J. L. Gaskell followed with a paper 
entitled “‘ Organisation for Maintenance.” This 
paper described the maintenance procedure at 
the Appleby-Frodingham plant. It emphasised 
the magnitude and, consequently, the cost, of 
maintenance services in heavy industry, and the 
need for maintenance personnel to become more 
and more aware of the effect of their activities 
in the cost of the product. The third paper, 
which was by Dr. L. Reeve, described the 
development of chemical methods for the treat- 
ment of low-grade ores at Appleby-Frodingham. 
The paper referred to the difficulties encountered 
in previous attempts to concentrate low-grade 
ores by purely physical methods, and then 
described a cyclic chemical process for treating 
these ores, involving the use of hydrogen chloride 
gas or aqueous hydrochloric acid, in which the 
iron is distilled from the ores as pure ferric 
chloride at 300 deg. to 350 deg. Cent. This, 
Dr. Reeve said, was then treated with steam to 
produce pure ferric oxide, or with hydrogen 
to produce metallic iron, in both cases regenerat- 
ing hydrogen chloride gas which could then be 
used again. Approximate equilibria data have 
been. determined and the influence of water 
vapour and ferric chloride concentration in the 
gases on the reaction velocities has been 
examined. In the paper, it was stated that 
vanadium present in these ores could also be 
distilled from them as a complex of vanadium 
chloride, and recovered as V,O;. Chlorides 
remaining in the tailings could be regenerated 
by treatment with steam mixed with air or inert 
gases. 

Dr. Reeve explained that fluidising techniques 
had been applied to these processes. He con- 
cluded with a brief reference to the thermo- 
dynamics of these reactions and to some of the 
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chemical engineering problems encountered jn 
attempting to translate them to the pilot-plant 
scale. 

Finally, there was a paper by Mr. C. Smith 
entitled “ Underground Mining of the Froding. 
ham Ironstone Bed at the Dragonby Mine 
Scunthorpe.”’ The paper dealt with the wo: king 
in North Lincolnshire of an extensive deposit of 
low-grade ironstone which, because of jts 
valuable self-fluxing properties, could be used in 
considerable quantities for making pig irop, 
The author said that requirements in the past 
had been met by extracting the ironstone jp 
increasing quantities from the ground by various 
methods of opencast mining. He went «n to 
explain why this method could not be continued 
indefinitely and described the opening -even 
years ago and the subsequent working of a 
developing underground mine, which was 
expected to produce at least 1,000,000 tons per 
annum for many years from a large area which 
otherwise might not be worked. 


WorKS VISITS AND SOCIAL FUNCTIONS 


During the meeting there was opportunity to 
visit the plants referred to in the papers, and 
other works which were not specifically men- 
tioned, but which are making a substantial con. 
tribution to the output of the Lincolnshire iron 
and steel industry. Most of the development 
and expansion which has been undertaken since 
the war at these works has already been described 
in our columns. Thus, visits were made to the 
blast furnaces, sinter plant and ore preparation 
plant included in the ‘“ Seraphim’’ project of 
the Appleby-Frodingham Steel Company ; the 
Appleby-Frodingham steel plants and rolling 
mills ; the Normanby Park plant of John 
Lysaght’s Scunthorpe Works, Ltd.; the Red- 
bourn works of Richard Thomas and Baldwins, 
Ltd.; the Scunthorpe works of Thos. Firth and 
John Brown, Ltd., and the Dragonby ironstone 
mine of The United Steel Companies, Ltd. It 
is interesting to recall that excavation work 
began at Dragonby in March, 1948, when 
it was realised that the future of ironstone mining 
in the Lincolnshire area would depend to an 
ever-increasing extent upon underground opera- 
tions. The mine is situated at the northern end 
of the Frodingham orefield, at a point where the 
overburden is 60ft, increasing steeply to over 
250ft in thickness. After the removal of some 
200,000 cubic yards of sand and clay a huge 
amphitheatre was formed to the ironstone bed 
and a 30ft wide brick walled open gullet was 
made from the surface down to this bed to pro- 
vide a means of access to the future mine. By 
the middle of 1950, the gullet had been completed 
and a main entry to the mine and a main return 
airway, each 150ft long, had been driven into 
the ironstone. 

To transport the ore to the surface, 48in 
wide belt conveyors serve standard gauge 20-ton 
and 30-ton capacity hopper ore wagons. The 
conveyors are linked by transfer stations and the 
first stage of development was reached when 
920 yards of conveyor belts had been installed. 
At this point, it was decided to provide a surge 
bunker and transfer station, to open up a new 
series of headings and to install a new tandem 
conveyor for the continuation of the main dip 
side development. Since the mine began produc- 
tion, output has been stepped up progressively 
from 129,946 tons in 1951 to 267,492 tons last 
year. It is anticipated that further workings will 
be opened up, utilising the valuable experience 
gained with the Dragonby mine, as opencast 
operations on the Frodingham orefield gradually 
result in lower yields. 

There were two purely social functions included 
in the programme. The first, on Wednesday 
evening, was a reception, at the Baths Hall, 
Scunthorpe, by the Mayor and Mayoress, 
Councillor and Mrs. W. Albans. On the follow- 
ing evening, there was a dinner and dance at 
Elsham Hall, near Brigg. After the dinner, the 
chairman, Lieut.-Commander G. W. Wells, 
expressed thanks to the members of his committee 
and to the officials of the various companies 
for making the arrangements which had resulted 
in so successful a meeting. This expression of 
thanks was endorsed by Sir Charles Bruce- 
Gardner, Bt., president of the Iron and Steel 
Institute, and was enthusiastically acclaimed. 
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Colour Television 
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Camera Channel 


for B.B.C. 


Colour television camera equipment made by Marconi’s Wireless Telegraph 
Company, Ltd., has recently been supplied to the B.B.C. for experimental work. 
The equipment is a compatible system (that is to say the colour transmission would 
be capable of being received in monochrome on existing receivers). It is based on 
specifications adopted by the N.T.S.C.* of America. 


COMPLETE colour television camera 
i chon has been supplied to the B.B.C. for 
experimental purposes by Marconi’s Wireless 
Telegraph Company, Ltd., Chelmsford, Essex. 
The equipment consists of a three-tube colour 
camera, a camera channel amplifier, and com- 
plete signal coding equipment for providing the 
equivalent of N.T.S.C. signals on British 405- 





Figs. 1 and 2—(Left) Marconi three-tube colour television camera and view finder. 


line standards, with accessories to make a com- 
plete colour-camera channel. The auxiliary 
apparatus supplied includes black-and-white and 
tricolour monitors and colour test equipment. 

The colour camera (Fig. 1) consists of an 
assembly of three 3in ‘“‘ Image Orthicon ”’ tubes 
of special design. Each of these tubes handles a 
primary colour component fed into it by a system 
of dichroic mirrors and lenses which serves to 
split into three primary colours the light received 
from the televised scene, as described more fully 
below. 


TRANSMISSION SYSTEM 


The system adopted for the transmission of 
the colour information is based on the fully 
compatible system now in use in America. The 
composite vision signal, as supplied to the 
transmitter, is composed of two parts—luminance 
(brightness) and chrominance (colour). The 
first component, luminance, is transmitted as 
amplitude modulation of the picture carrier and 
is identical to the black and white transmission 
used in this country : it is this fact which enables 
the composite colour transmission to be received 
on standard black-and-white receivers. The 
second part of the composite vision signal is a 
sub-carrier which is modulated by the chromi- 
nance information. The frequency adopted for 


‘the colour sub-carrier on the 405-line system is 


approximately 2-66 Mc/s. 

This choice resvits from a consideration of 
two factors—the interference level produced on 
standard black and white receivers and the band- 


* The National Television Standards Committee (N.T.S.C.) 
of America, in July, 1953, produced colour transmission standards 
and publisned a specification for — which would compress 
all the necessary ‘ information ’’ for colour transmission into the 
same bandwidth as is now used for monochrome transmission. 
An adaptation of these standards is used in the Marconi equip- 
ment, 





width available for the chrominance signal, the 
latter being limited in the one direction by the 
sound carrier. A sub-carrier at 2°66 Mc/s is 
barely noticeable on a black and white receiver 
for four reasons. First, the average receiver 
characteristic has fallen off appreciably at this 
frequency. Secondly, the exact frequency is 
chosen so that the dots produced tend to cancel 


on alternate fields. Thirdly, the carrier is locked 
to the synchronising pulses, thus preventing a 
moving pattern. Finally, the system is designed 
so that the amplitude of the carrier is zero in the 
absence of any colour information, that is for 
whites and greys, and is at full amplitude only in 
areas of highly saturated colour such as are 
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Fig. 3—Optical assembly of the Marconi saga Wa colour camera. This 
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rarely produced in an average scene. With 
regard to the bandwidth limitation imposed on 
the chrominance signal, advantage is taken of 
the well-known fact that the eye is insensitive 
to colour in fine detail, and, furthermore, that 
this effect is most marked along the purple- 
greenish yellow axis of the colour triangle and 
least so along the orange-cyan axis. 


The complete information defining the coloured 
scene initially exists as three independent vision 
signals defining the red, green and blue contents 
of the picture. From these signals are derived 
three further quantities, one being the luminance 
and the other two together forming the chro- 
minance. By arranging the two latter so that 
the one contains information relating only to 
colours on the purple-greenish yellow axis and 
the other to those on the orange-cyan axis, full 
advantage may be taken of the permissible 
restrictions in bandwidth mentioned above. 
These two chrominance signals, known as the 
Quadrature or “Q”’ and the In-phase or “I” 





It has a four-lens turret and remotely operated iris. The 
panning and tilting axes pass through the centre of gravity of the camera to give ease of control. (Right) The camera control position shown 
here incorporates a picture and waveform monitor 


components, respectively, are carried on the 
colour sub-carrier as a combination of phase 
and amplitude modulation. Two balanced 
modulators, the use of which ensures a zero 
outpui in the absence of chrominance informa- 
tion, are each fed with colour sub-carrier, the 
phase of that to the “ Q” modulator being in 
quadrature with that fed 
to the “I” modulator. 
The outputs of the two 
modulators are added to 
form the complete 
chrominance signal, 
which is in turn added 
to the luminance and 
synchronising signals to 
form the complete colour 
signal. 

The fact that a syn- 
chronous demodulator 
is required to separate 
the two components of 
the chrominance signal 
at the receiver necessi- 
tates the transmission 
of a colour synchronis- 
ing signal. This takes 
the form of a short 
burst of the sub-carrier 
frequency which is in 
fixed phase relationship 
to the “I” and “Q” 
vectors and to which 
an oscillator regenerat- 
ing the carrier. in the 
receiver may be locked. 
In the colour receiver, 
therefore, the luminance 
and chrominance may 


Front-Silvered 





lens unit and the 











582 


be separated by means of filters and the 
chrominance be split into its “I” and 
“Q” components in synchronous demodula- 
tors: proper mixing of these three quantities 
then enables the original red, blue and green 
signals to be recovered. 


THE CAMERA 


The initial separation of the colours from the 
televised scene into the selected primaries—tred, 
green and blue—is performed in the optical 
system (Fig. 3) of the camera. Light enters 
through one of the four taking lenses to form an 
image at a field lens mounted inside the turret. 
A one-to-one relay system follows and the final 
image is formed at a distance which allows a 
light-splitting system of filters and mirrors to 
be interposed. The division is by two dichroic 
filters mounted as a vee, green light passing 
straight through while blue and red are deflected 
to opposite sides, the light paths then being 
brought back into parallel paths by front- 
silvered mirrors. Further trimming is performed 
by gelatine filters. Astigmatism correctors are 
employed to overcome the distortion introduced 
by the dichroic filters. 

Three “Image Orthicon’’ camera tubes are 
used, one for each colour. Neutral density 
filters are employed in the individual channels 


Fig. 4—Cabinet containing three-tube colour monitor 


to enable the three tubes to be used over similar 
parts of their characteristics, the working range 
being restricted to the linear portion, to avoid 
colour unbalance with change of light level. 
Overall gain control is provided by a motor- 
operated iris, remotely controlled by the operator 
at the desk. 

The focusing and deflection yokes are venti- 
lated to eliminate any appreciable difference in 
operating temperatures between the tubes. The 
yokes are made to close tolerances and the pro- 
vision of individual as well as common controls 
for height, width, centring, &c., enables a very 
high degree of registration to be obtained. 
Switching facilities on the view-finder and control 
desk monitor (Fig. 2), both of which provide 
high quality monochrome displays on 7in and 
10in tubes, respectively, enable the three pictures 
to be superimposed for the purpose of registra- 
tion. Under normal working conditions a 
degree of registration equivalent to 500-line 
definition in the centre and 400 lines in the 
corners may be achieved. Individual shading 
controls are provided to compensate for shading 
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effects in the Image Orthicons.”’ The red, green 
and blue outputs from the camera are fed to 
the “colourplexer’’ via an aperture compen- 
sator and a gamma corrector, both of which 
are triple-channel units. In the “ colourplexer,”’ 
the three signals are encoded to form the com- 
posite output described above. 

The colour sub-carrier generator employs a 
temperature-controlled crystal, the frequency 
stability being better than three parts in a 
million. The sub-carrier is fed to each “ colour- 
plexer ’’ via a phase-shifter which allows indivi- 
dual channels to be aligned. It also feeds a 
counter unit which provides a locked output at 
twice line frequency, this in turn being used to 
lock the synchronising pulse generator. The 
** colourplexers ’’ are also supplied with a gating 
pulse timed so that the burst of sub-carrier, 
included for synchronising purposes, can 
gated out so to make it appear in the 


Oct. 21, 1955 


post-synchronising pulse suppression period, 

Two kinds of colour monitors are provided, 
One is a three-tube monitor which is incorporated 
in a 7ft cabinet (Fig. 4) and reconstitutes the 
picture by means of dichroic filters, registration 
being achieved in a similar way to that described 
above for the camera. The second is a single. 
tube monitor which is designed for mounting on 
a table or mobile stand and embodies a ‘hree. 
gun shadow-mask tricolour picture tube. [pn 
this tube the decoded signals are fed to the 
three guns, each of which is constrained to 
excite only one set of phosphor dots on a com- 
pound screen. 

The equipment directly associated with the 
studio colour camera is housed in a twin-bay 
control desk (Fig. 2) and in four 7ft-high cabinets, 
The synchronising equipment which may be 
common to any number of studio or film camera 
channels, is contained in two 7ft cabinets. 


High-Speed Straightener for Large. 
Diameter Tubes 


A TUBE straightening machine recently com- 
pleted at the works of Joshua Bigwood and 
Son, Ltd., Wolverhampton, is stated to be the 
largest machine of its kind yet built in this 
country, It is for use in the production of high- 
grade, hot-finished steel tubes for oil pipelines, 
and is capable of handling tubes from 3in to 15in 
diameter. Normally, however, the machine will 
be used for straightening special alloy steel tubes, 
93in diameter with jin thick walls. With this 
machine and its equipment, tubes are handled 
mechanically from the start to the finish of a 
straightening operation. Its controls are arranged 
at a central point from which the operator has an 
unobstructed view of the work but is a sufficient 
distance away to avoid risk of injury. 

The machine works on the multiple inclined 


roll principle, where a number of idle and driving 


rolls disposed along the tube apply sufficient 
pressure to opposite sides to stress the material of 
the tube walls by flexure beyond its elastic limit. 
The driving rolls, by reason of their helical 
contact, rotate the tube and pass it through the 
machine, from which it emerges in the straightened 
condition. Straightening of the very wide 
diameter range in tubing, for which the machine 


is désigned, makes it essential to employ rolls 
that can be adjusted angularly so that they may 
bear against a tube over their full length for all 
tube diameters, to eliminate any possibility of 
marking or crushing the tube. 

The machine can be seen in the photographs 
we reproduce herewith. It has driving rolls 
of chilled iron running in heavy-duty roller 
bearings carried in swinging brackets located in 
circular machined recesses on the drive side 
housing. The three idle rolls are carried in steel 
forks, which are angularly adjustable in their 
chocks. Angular adjustment of the idle roll 
forks is effected by hand, and they are locked by 
bolts operated from the front of the machine. 
The weight of the driving roll swinging brackets 
makes it necessary to use an electric motor for 
their adjustment, and protection against over- 
adjustment is provided by limit switches. A dial 
is fitted to indicate the setting of the rolls to the 
operator who controls the adjustment from a 
remote push-button station. 

As the straightening of tubes imposes relatively 
heavy loads on the idle rolls they are fitted with 
heavy duty roller bearings to ensure free rotation. 
The idle roll chocks are mounted in machined 


Idle roll adjustment side of machine. The angularly adjustable driving rolls with their setting motor and 
dial can be seen on the opposite side of the machine 
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slideways in the front housing, and they can be 
positioned along these ways to suit the material 
and tube diameter by operation of a single hand- 
wheel at the side of the machine. By use of 
selector levers on the chocks they can be 
moved individually or collectively as required. 
Straightening pressure and diameter adjustment 
for different sizes of tube is obtained by advancing 
or withdrawing the idle roll forks in their chocks 
by operation of individual screws and hand- 
wheels, a ringscale being fitted to facilitate 
repetition of settings. Locking bolts fitted on 
all the idle roll assembly adjustments prevent 
settings being altered as a result of vibration 
whilst the machine is in operation. Scales are 
fitted to show the position of each idle roll with 
respect to the driving rolls. The horizontal dis- 
position of the rolls permits scale from hot- 
finished tubes to fall clear of all working parts, 
and the scale drops into a pit in the machine 
foundations from which it can readily be 
collected. 

The machine housings are box section steel 
castings in four separate pieces—a drive housing, 
a front housing and two side housings. The side 
housings are arranged so that the straightening 
loads are transmitted directly through the 
castings, and the tie bolts which are used to 
fasten the four sections rigidly together do not 
carry any of the straightening loads. 

The angular adjustment required for the driving 
rolls makes it necessary to use a crown wheel and 
bevel pinion element in the drive so that mesh is 
continually maintained whatever the position of 
the drive housings. The pinion transmits the 
drive to the rolis through an intermediate pinion 
train housed in the swinging bracket, the roll 
pinions being keyed on to the ends of the roll 
shafts. A 175 h.p. direct-coupled motor behind 
the back housing drives the machine through 
helical gears and totally enclosed reduction and 
distribution trains to the two crown wheels. This 
gear system is all situated in the rear housing, 
which also provides oil baths for gear lubrication 
purposes. The main roll drive gear trains, in 
addition to running in oil baths, have an oil 
spray feed over them supplied by an oil circulat- 
ing pump driven off the input shaft. To allow 
the selection of the most economical speed for 
straightening a particular size of tube, a variable- 
speed motor is used for the main drive, and 
it gives pass speeds variable from 75ft to 150ft 
per minute. 

In order that a tube with a badly bent end may 
not drive down between the rolls and stall or 
jam the machine and ‘make extraction difficult a 
safety guide bar is mounted on adjustable 
brackets which are fixed to the side frames below 
and under the tube pass line. For this bar there 
is supplied a range of shoes to suit the various 











THE EJNGINEER 


diameters of tubes being straightened. The guide 
bar is only a safety precaution and in normal 
working it should never contact the tube passing 
through the machine. 

With a machine handling such large tubes at 
high speeds it is necessary to provide an efficient 
automatic system of handling and feeding tubes, 
not only to ensure maximum output, but also in 
the interest of operator safety and reduction of 
manual effort. For this reason the makers have 
developed a set of mechanical feeding and tube 
outlet guides suitable for handling tubes up to 
44ft long. With this installation an entry con- 
veyor is loaded with a tube which is selected 
by fingers from a stillage and then advanced 
through inlet trough sections by driven rollers. 
After the tube has entered the machine, the 
feed trough can be lowered. Situated at the 
end of this feed guide are two motor-driven 
skew rolls carried in housings which slide on 
a main base. These rolls grip the tube end 
and rotate the tube as it is delivered to the 
machine rolls. When the tube has entered the 
machine the pinch rolls are released, the con- 
veyor rolls lowered, and the machine takes charge 
of the tube. 

At the outgoing end of the machine the tube 
runs along a conveyor guide incorporating 
horizontal driven rolls and inclined pairs of idle 
rolls, which are adjustable for various tube sizes 
and form a vee guide to locate the tube, The 
tube is removed from this trough by pneumatic- 
ally operated unloading arms. 





Report of the Gas Council 


THE sixth annual report of the Gas Council 
was published this week simultaneously with 
the annual reports of the twelve Area Gas Boards. 
The report covers the year ended March 31, 
1955, and it shows the aggregate result of the 
Area Boards’ operations during that year was 
a net surplus of £2,472,553, on a gross income 
of £325,280,091. This surplus, which compares 
with £2,111,536 for the previous year, was after 
charging £18,457,944 for depreciation and 
£14,761,037 for interest, and also after two 
Boards had provided in total £150,000 for taxa- 
tion and two Boards had transferred to their 
revenue accounts £722,489, being provisions 
for taxation no longer required. Ten of the 
Area Gas Boards had a surplus for the year’s 
working and two had deficiencies totalling 
£259,802. After making adjustments for previous 
years and bringing in the balances on net revenue 
accounts at March 31, 1954, all boards had 
disposable surpluses totalling £5,145,244. Eight 
boards placed a total of £975,000 to. reserve 
funds and three made transfers totalling £453,220 

































































Delivery end of high-speed. straightening machine for tubes up to 15in diameter 
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to replacement and obsolescence reserves. 

The gross revenue of the industry was just 
over £325,280,000 of which about £180,600,000 
came from sales of gas, £92,300,000 from 
disposal of by-products, £36,600,000 from sales 
and hire purchase of appliances, and £15,800,000 
from other sources. During the year 2636-3 
million therms of gas were sold, an increase of 
4-9 per cent on the previous year’s sales which 
was spread over all the main fields of consump- 
tion. Of this total, industry consumed 720 
million therms and domestic sales accounted 
for 1378-5 million therms. The average income 
per therm of gas sold to consumers was 16- 58d. 
the average price for industrial consumption 
being 12-27d. and for commercial use 16-51d. 
During the year the number of consumers 
increased by some 194,900 to 12,669,732, 
of whom 11,920,000 were domestic users. 

As a result of increases in coal prices and wages 
during the year under review, costs in the industry 
had increased by £7,165,000 a year. It is 
pointed out in the report that further increases 
have since taken place which are estimated to 
amount to more than £25,023,000 in a full year. 
The declining coal supplies and continuously 
increasing prices has led the direction of research 
and development towards making the most 
efficient use of existing resources and the investi- 
gation of new sources of gas making. In seeking 
sources other than coal for the production 
of gas, special emphasis had been placed on 
the complete gasification of heavy oils. Five 
plants were at work by March 31, 1955, sixteen 
on order and nine under consideration. The 
twenty-one plants at work or on order are ex- 
pected to save 364,000 tons of coal a year. 
Discussions with oil companies regarding the 
supply of gas from refineries are stated to be 
in progress, and the search for natural gas was 
continued throughout the year. 

During the year 27,430,000 tons of coal were 
used in gas making and the average yield of gas 
per ton of coal carbonised was 74-8 therms, 
as compared with 74-5 therms the previous year. 
Of the gas made at works just on 2043 million 
therms was coal gas, 429 million therms water 
gas, and 29-5 million therms other gas. Gas 
purchases from coke ovens totalled over 370 
million therms and from oil refineries nearly 
6 million therms. 

The total manufacturing capacity of the 
industry increased by 2-2 per cent to 2471 
million cubic feet of gas per day, and as a result 
of integration schemes gas manufacture was 
stopped at 83 works, leaving 785 works in produc- 
tion. 

The conclusion to the report states that this, 
the sixth year of the gas industry under national 
ownership, has been one of steady progress and 
of substantial achievements in many directions. 
With supplies of steel, iron and other materials 
more freely available it has been possible to 
proceed more satisfactorily with plans for develop- 
ment and integration, and improve services. 
Concern is expressed at the increasing costs of 
coal which has such a considerable effect on 
the industry, and it is pointed out that in order 
to meet the growing demand for gas the industry 
has two great needs—an adequate supply of 
suitable coal at a suitable price and a reasonable 
period of stability. 





Technical Report 


A Pressure Chamber for Micro-Optical Observa- 
tions (Ref. L/T283). By C. Turner. The British 
Electrical and Allied Industries Research Association, 
Thorncroft Manor, Dorking Road, Leatherhead, 
Surrey. Price 7s. 6d., postage 3d.—This report 
describes the construction and performance of an 
apparatus for optical observations at pressures up to 
1000 atmospheres. The need for such an apparatus 
arose from investigations into the dielectric properties 


’ and structure of certain long-chain materials, for 
‘ which thermodynamic data were required, while 


calorimetric measurement was not feasible with the 
small samples available. The apparatus described 
permits the measurement of changes of transition 
temperature with pressure, and can be used to derive 
heats of transition on small samples. This method 
has the advantage that it can also be used for moder- 
ately long-lived unstable structures. The apparatus 
can also be used for other purposes, such as measure- 
ments of compressibility. 
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LETTERS AND LITERATURE 


Letter to the Editor 


(We do not hold ourselves responsible for the opini: 
correspondents) 





of our 


FRENCH LOCOMOTIVE EXPERIENCES 


Sir,—The articles contributed by Mr. E. H. 
Livesay, which appeared in THE ENGINEER 
during the first six months of 1954 and the 
further communication published in your 
issue of July 29th last, are of outstanding 
interest as setting forth recent steam loco- 
motive development on French Railways. 
The description given of several examples 
of modern engines with the drawings and 
other illustrations furnishes an informative 


TABLE I—Comparison of Performance—Compound Locomotives. 


steam and exhaust ports, and it may here be 
of interest to recall that Monsieur Chapelon 
took part in the preparation of the drawings 
of the suggested cylinder designs. In THE 
ENGINEER of February 26, 1954, an illustrated 
description of one of the compound “ Pacific ” 
class engines, as fitted with these poppet 
valves, appeared, which seems to be generally 
very similar to the first of this design to be 
fitted with this arrangement of poppet valves 
and operating gear at the Tours shops of 
the P. and O. Railway. 

This particular development consisted of 
the rebuilding of engine No. 3655. In certain 
respects these poppet valve compound 


French Railways. 


Poppet and Piston Valves 





Boiler steam 
pressure, 
pounds per 
square inch 


Locomotive type 


] 
L.H.P. per 
square foot 
of grate area 


Engine weight, 
| pounds per 
i.h.p. 


L.H.P. 
maximum 


Valves, 
type 





4-6-2 four cylinder compound iis wees pew eae 227 
4-8-0 four cylinder compound... ... ... ... 290 
46-4 four cylinder compound te eek ane 290 
4-8-4 three cylinder compound... 294 





Poppet 
Poppet 
Piston 
Piston 





Walschaerts valve gear on all engines 


record which will no doubt be appreciated 
by many of your readers. Certainly I have 
found them of much interest. 

Referring in the first place more particularly 
to the article printed in THE ENGINEER of 
July 29th and the remarks made concerning 
the work done by Monsieur Chapelon, it 
may be said that this is well known and fully 
understood by railway engineers here ; 
however, in point of fact, the principles 
advocated by Monsieur Chapelon so far as 
they concern the provision of ample passage 
ways for the steam flow through the cylinders 
were perfectly well realised and, to a large 
extent, put into practice by G. J. Churchward 
at Swindon very early in the present century. 
It was not until some twenty-five or more 
years later that the French railway mechanical 
authorities gave serious attention to this 
matter, being actuated by a desire to improve 
the performance of the four-cylinder com- 
pound locomotives, a distinctive feature of 
French practice, and it was then that the 
writer became interested in this particular 
development in a practical manner because 
the first proposals were worked out by the 
firm with which he was associated. 

This development was characterised by the 
designing of new h.p. and l.p. cylinders 
adapted for the application of poppet valves 
with the idea of providing more adequate 


“* Pacifics ” are the most remarkable six- 
coupled passenger engines so far built. The 
use of poppet valves in conjunction with 
high-pressure steam carrying a high degree 
of superheat resulted in a very large increase 
in cylinder power output combined with a 
highly economical performance, dynamo- 
meter tests showing steam rates ranging 
between 11-2 Ib to 13-8 lb of steam per indi- 
cated horsepower-hour, and at a mean speed 


TABLE Il—Cylinder Performance. 


4-6-2 Four-Cylinder Compound Locomotive. 


it was found capable of developing a cop- 
tinuous output of 3454 i.h.p. and a maximum 
of 3948 i.h.p., equal to an engine only Weight 
of 681b per continuous indicated horse. 
power and of only 59-6lb per maximum 
indicated horsepower, the lowest on record 
so far as the writer is informed. 

The statement, Table I, shows how ihese 
rebuilt poppet valve compound envzines 
compare on the engine weight indicated 
horsepower and the indicated horsepower/ 
grate area basis with the piston valve four- 
cylinder and three-cylinder compound:, as 
illustrated in THE ENGINEER of March 5 and 
May 21, 1954. All these engines have 
Walschaerts valve gear. Referring further 
to the poppet valve “ Pacifics,” attention 
is directed to an additional statement, 
Table II, which gives some particulars of the 
cylinder powers developed before and after 
rebuilding ; the noticeable feature is seen 
to be the large increase in power output of 
the I.p. cylinders in consequence of the use 
of poppet valves. In fact, the improved 
action of the steam in the I.p. cylinders, due 
to the large valve openings obtained with 
poppet valves, later prompted experiments 
with a form of double-ported 13}in diameter 
piston valve for the I.p. cylinders, though, 
like all large diameter piston valves and 
perhaps especially when of the double 
admission type, it is thought these were not 
considered altogether satisfactory, while 
trials seemed to show that engines so fitted 
did not produce as high a power as the 
poppet valve engines. With reference to the 


Engine No. 3566. 


Paris-Orleans Railway 











oe peel sna hep pale ee 
Cut-off, per cent, h.p. cylinders... ... ... 0... ... 
Steam conditions, h.p. cylinders : 


Pressure, pounds per square inch ... ... ... 2... 0. se 
Temperature, deg. Fah. ... ... 0... 0. oes 

Indicated horsepowers : 

H.p. cylinders 

L.p. cylinders 
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26:0 

228-9 
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Walschaerts valve gear. 


of 73-8 m.p.h. the average power worked 
out at 3030 ih.p. Later, in 1932, a further 
development was put in hand, consisting of 
the conversion of a 4-6-2 compound engine 
having 72in drivers into one of the 4-8-0 type 
and again fitting poppet valve h.p. and I.p. 
cylinders. This engine was even more 
successful than the prototype 4-6-2 in that 


three-cylinder simple expansion 4-6-4, THE 
ENGINEER, May 14, 1954, this engine is of 
particular interest to the writer, who was 
very closely associated with this form of 
poppet valve and valve gear application in 
the initial stages of development. It may 
perhaps be said that this original conception 
of a rotating cam-operated poppet valve 





French Railways 4-6-4 four-cylinder compound locomotive built about 1910 for the Nord system 
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gear has Now been considerably improved 
(see THE ENGINEER, September 9, 1949) 
and thai working~results have been most 
satisfac: Ory. 

Compared with the four-cylinder 4-6-4 
engines with 12in and 16}in piston valves, 
the three-cylinder engine is an advance in 
design practice. The Smith type compound 
mentioned by; Mr.[{Livesay is without doubt 
attractive, but has unfortunately been 
neglected here for various reasons, though 
proposals were made in 1924 for its use in a 
larger form compared with the L.M.S. 4-4-0 
standard compounds. It may also be 
remarked that at one time suggestions were 
made for the trial application of poppet 
valves to one of the latter engines. Here, 
again, unfortunately, nothing came of this 
proposal. That poppet valves improve per- 
formance the writer has no doubt after a 
very extended period of work in connection 
with this development, possibly extending 
over a longer time than anyone else at 
present interested in the application of 
poppet valves and valve-actuating gears to 
locomotive requirements. 

In reference to the remarks made by Mr. 
Livesay in THE ENGINEER of July 29th regard- 
ing the Gresley valve gear, the writer thinks 
it is only proper to point out that, while this 
conjugated gear may be open to criticism, it 
is nevertheless true that Sir Nigel Gresley’s 
“ Pacifics,” first built as far back as 1922, 
have gained for themselves and their designer 
an enviable reputation. No locomotives 
have done better work over a longer number 
of years in exacting main line fast passenger 
services. They were the brilliant conception 
of a great designer. 

In conclusion, and as a matter of general 
interest, the accompanying photograph of a 
large four-cylinder compound engine of the 
4-6-4 type, built during the first decade of 
the present century, may be of interest. 

This engine was designed for fast passenger 
traffic on the French Northern Railway and 
was expected to develop 2000 i.h.p. I am, 
unfortunately, ill-informed as to its chief 
particulars, but may say the total weight 
of the locomotive was 156 tons. In view of 
Mr. Livesay’s article on the latest 4-6-4 
compounds, this design of forty-six years 
ago may be of interest. 

E. C. POULTNEY 

66, Eton Rise, N.W.3, 

August 12th. 


Literature 


Electromagnetic Principles of the Dynamo. 
By E. B. MouLuin. London: Oxford 
University Press, Amen House, Warwick 
Square, London, E.C.4. Price 50s. 

“ THIS is a purely academic book, written for 

those who are using the electromagnetic 

principles of the dynamo as a discipline for 
mental training.” This non-utilitarian aim, 
expressed by the author in the preface to the 
book, has for long influenced the teaching 
of engineering science at Cambridge, and 
although this aim is at variance with those of 
many other universities having a techno- 
logical bias, it is well known that the Cam- 
bridge ideal has produced many of the finest 
graduates occupying responsible positions in 
the profession of electrical engineering. 
Since the book deals with principles, it is 
only to be expected that its arrangement and 
subject-matter should follow established lines. 
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Although this is the case, the book is 
exceptional for the lucidity of its explana- 
tions, the simplicity of the mathematics and 
the essential analysis of the various character- 
istics of the dynamo. The book opens with a 
discussion of basic principles followed by a 
method of estimating the main field ampere- 
turns coupled with an investigation of the 
effect of armature current on the main field. 
Particularly lucid sections are those dealing 
with the characteristic curves of the dynamo 
and the efficiency and energy losses. The 
phenomenon of commutation is handled as 
clearly and precisely as this difficult and 
imprecise subject allows, and the book con- 
cludes with a brief discussion of certain 
special machines, e.g. automatic charge 
boosters and amplifier machines. A supple- 
mentary section discusses incidental prob- 
lems such as Fourier analysis of the field- 
form curve, the breadth factor for the 
harmonics and the whole winding, and the 
force on the iron due to armature con- 
ductors in open slots. 

In accordance with his avowed aim, Pro- 
fessor Moullin has avoided the pitfalls which 
beset the path of the teacher too deeply 
steeped in technology. An early example of 
this is provided by the discussion of armature 
windings ; instead of confusing the student 
at this stage with explanations of lap and 
wave windings, the statement is made: 
‘“* The method by which these conductors are 
in fact connected to each other is quite 
immaterial to the problem in hand... . 
at present we care nothing about the end 
connections, which concern us only in that 
they are necessary adjuncts to permit the 
current to flow in the desired directions.” 
This approach is important if the student is 
to have a clear grasp of the principles under- 
lying the design of all windings, whether 
alternating current or direct current. 
Although the flux cutting rule is used through- 
out, the author points out that this simplifica- 
tion has its pitfalls and that in doubtful cases 
the more fundamental flux linking rule must 
be applied. The application of the Schwarz- 
Christoffel transformation by Dr. F. W. 
Carter to the problem of determining the 
amount of fringing flux from the armature 
teeth, pole faces, and cognate problems, is 
given the prominence it deserves, but rarely 
receives, in a book of this nature. In the 
discussion of the cross-ampere-turns of an 
armature the statement is made “ including 
effects of saturation and salient poles which 
cannot be dealt with by means of constant 
parameters.” Faced with this statement, 
the reviewer can only murmur “ Shades of 
Blondel ” and point to the methods success- 
fully used in alternator design to cope with the 
problems of saliency. The author has firmly 
resisted the temptation, to which so many 
recent writers of technical textbooks have 
succumbed, to use the M.K.S. system of units 
and has wisely employed C.G.S. and even on 
occasion F.P.S. units, as is the practice of 
most, if not all, designers. The most im- 
portant improvement in commutator design 
of recent years is that patented by Mr. A. A. 
Pollock, formerly director of the British 
Thomson-Houston Company, Ltd.; in the 
book this is briefly referred to as “* another 
method of holding the copper segments . . . 
by grooving them along their lengths, &c.”’; 
in future editions a reference to a description 
of the commutator, as given in a technical 
journal, would be advisable, since the 
description in the book is quite inadequate. 
The text is amplified throughout by illus- 
trative examples worked out in detail ; in 
addition, a large number of briefly worked-out 
examples, collected under chapter headings, 
is given at the end of the book. 

Professor Moullin’s vigorous and clear 
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prose, coupled with excellent diagrams and 
illustrations, make the book, apart from its 
technical excellence, a delight to browse in, 
and in conclusion it can be said that this book 
will be of much value to teachers who realise 
the importance of a basic approach to 
dynamo design, free from the trammels of 
technological irrelevancies, so often a blemish 
in books of this kind. To those students, both 
in universities and technical colleges, who 
desire to understand .the fundamental prob- 
lems of dynamo theory and design, this book 
will undoubtedly have its greatest appeal ; 
even hardened engineers will find a study of 
Professor Moullin’s restatement of some of 
their problems refreshing and, in many cases, 
valuable. 


Foundation Engineering. By Rolt Hammond. 
London: Odhams Press, Ltd., Long Acre. 
Price 21s.—An exposition of present-day practice 
in constructing foundations for most classes of 
structures is given in this volume. The subject 
matter is arranged under the headings of soil 
mechanics, site exploration, piled foundations, 
vibration-controlled foundations, foundations for 
houses, buildings, bridges and maritime struc- 
tures, and, lastly, difficult foundation problems. 
The actual design computations for any of these 
foundation problems are not given in the book, 
which emphasises constructional methods rather 
than basic theory. Thus, it supplements the 
ground covered by the more conventional 
engineering textbooks on this subject by 
giving information on plant and equipment used 
on foundation works in the various categories, 
and describing a number of recent examples of 
constructional works. 


Water Supply Engineering. Fifth edition. By 


. H. E. Babbitt and J. J. Doland. London: 


McGraw-Hill Publishing Company,  Ltd., 
McGraw-Hill House, 95, Farringdon Street, 
E.C.4. Price 61s.—The new edition of this work 
has been considerably revised, with the aim of 
presenting the latest accepted practice in water 
supply engineering in the United States. The 
contents of the book emphasise design, and 
information on financing, operation and manage- 
ment is given only as it affects the design of 
waterworks installations. All the various aspects 
of waterworks design, from hydrological studies 
for reservoirs to pumping and purification plant, 
are discussed in the various chapters. Informa- 
tion on industrial water supplies is included 
within the scope of this edition. It is intended 
that the volume will give a complete guide 
through all the design stages of a project from 
its conception to completion, maintenance and 
operation, with adequate explanations of the 
reasons why all the various stages are so designed. 


Principles and Practice of Electrical Engineer- 
ing. By Alexander Gray, Wh.Sch., M.Sc., revised 
by G. A. Wallace, M.Sc. London: McGraw- 
Hill Publishing Company, Ltd., McGraw-Hill 
House, 95, Farringdon Street, E.C.4. Price 56s. 6d. 
—The seventh edition of this book, like its prede- 
cessors, is intended primarily as an elementary 
electrical engineering textbook for students 
specialising in other branches of electrical 
engineering. In the revision of the text the 
treatment of some subjects, particulaily a.c. 
machinery and electronics, has been clarified. 
Among the topics now included are Kirchhoff’s 
laws, limitation of current by amplidyne control, 
the polyphase wattmeter, and three-phase power 
measurement with instrument transformers. 
Additional improvements are also to be found 
in the chapters on transformers, induction 
motors and synchronous motors. They include 
the use of equivalent circuits for transformers and 
induction motors; the dynamic braking of 
induction motors, the application of vector 
diagrams and the circle diagram, and of equations 
for rotor current, torque, power factor and slip. 
In electronics new material has been added, 
dealing with the determination of the performance 
of amplifiers ; distortion and power limits ; 
negative feedback ; impedance matching in the 
output stage of apparatus ; the grid control of 
thyratron rectifiers ; and the speed control of 
d.c. motors. A short section on the cathode-ray 
oscilloscope is also included. 
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Some Experiences of Automobile 
Research 


By C. G. WILLIAMS, D.Sc.* 
No. II—{ Concluded from page 552, October 14th ) 


On Friday, October 7th, the chairman of the Automobile Division of the Institution 
of Mechanical Engineers presented his address, which we abstract below. 


WOULD like now to refer to post-war 
research on fuels and lubricants which will 
be of interest to the automobile engineer. 

My association with this programme has 
been of a kind differing from that which 
characterised my earlier pre-war efforts when 
I either carried out the work myself, or was 
in day-to-day contact with it, this being 
made possible by the limited number of 
investigations in progress at any one time. 
As the LA.E. research laboratory grew, 
administration inevitably tended to displace 
research, although close contact with it 
was always possible. The research programme 
of a major oil company is, on the other hand, 
a very large affair, Thornton (which carries 
out only part of it) having, for example, 
more than fifty items on its programme at 
any one time, so that personal or continuous 
contact with all of them is obviously impos- 
sible. It is, in fact, the fate of research 
directors to become more and more involved 
in matters other than research—personnel, 
finance, organisation, outside contacts, rela- 
tions with other departments, and so on. 
Such matters have occupied my time to an 
increasing extent, and it follows, therefore, 
that my association with individual items of 
research has become less personal and more 
generalised with emphasis, for example, on 
the justification and utilisation of research. 
I do not intend, therefore, to give more than 
a general account of the purpose and method 
underlying some of these current studies, with 
perhaps a little philosophising here and there. 

The oil industry is very largely concerned 
with the production of energy, and a sub- 
stantial proportion of its efforts are related 
directly to the needs of the automobile 
industry in terms of petrol, diesel fuel, 
lubricants, greases, &c. This includes re- 
search on methods of exploration for dis- 
covering new sources of oil and of bringing 
that oil to the surface. Process research is 
concerned with developing new methods of 
manufacture or improvements in existing 
processes which will convert the crude oil 
into a greater yield of useful products of 
better quality as cheaply as possible. Finally, 
there is the need to ensure that these pro- 
ducts are suitable for their particular use and 
this, in the oil industry, requires what is 
generally known as “product applica- 
tional research.” Research is here closest 
to the user or customer and his appliance, 
since performance in the field is the final 
criterion. This is the kind of research with 
which I have been more intimately connected 
over the past fifteen years, Thornton being 
an “ applicational laboratory,” although it 
is closely associated with laboratories where 
the emphasis may be in other directions, 
such as process research. 

An oil company has many “ customers ” 
to satisfy, in terms of the variety of equipment 
using its products. It follows that a laboratory 
such as Thornton uses a wide range of 
equipment : for example, a large number 
and variety of automobile and commercial 
vehicle diesel engines. This helps to ensure 
that the results are of general application, 
with no unsuspected side effects on one 

* Director and general manager, Shell Research, Limited. 





particular engine design. In certain instances, 
something like a statistical approach is 
necessary, for example in determining the 
fuel octane requirements of the “‘ car popula- 
tion,” covering a hundred or more varieties 
of car. In addition, when success has been 
achieved in measuring some particular factor 
of performance there is a tendency to stan- 
dardise such a test method and to multiply 
the number of units in order to speed up the 
output of work. Single-cylinder units are 
used to a considerable extent both for investi- 
gational work and for screening tests, 
especially for engine lubricants, and there 
are literally scores of these at Thornton. 

A laboratory of this kind needs many 
ancillary services. Not only are there the 
usual engineering services, such as drawing 
office, machine shop, maintenance shop, 
and so on, but the best possible facilities for 
instrument development—especially  elec- 
tronic—and control devices of all kinds. 
For example, much of the engine work in- 
volves endurance testing, and “ programme 
controllers” have, <herefore, been designed 
and developed for simulating any desired 
cycle of road operating conditions. Such 
contrivances can be relied upon to “look 
after the engine,” aided-by suitable automatic 
safety devices. In addition, a fuels-and- 
lubricants laboratory of this kind needs the 
best possible chemical and physical assist- 
ance. The chemist and the physicist must be 
accustomed not only to analyse and measure 
samples and deposits, but participate actively 
in the programme of research. They must 
form a part of the research team with their 
engineering colleagues. The separation of 
engineers and chemists into separate camps is, 
I believe, pernicious in this type of work. 
The “‘ mechanical engineer” can no longer 
work in a mechanical watertight compart- 
ment. He must associate closely with 
colleagues familiar with other subjects and 
techniques. 

It is obvious that if quality of performance 
is accepted as one of the main objectives of 
this kind of research, then both the petroleum 
and automobile industries are involved. I 
have previously expressed this philosophy 
in the form of a simple qualitative equation 
as follows :— 


Quality of 
mechanical x 
design 
One might add to the left-hand side of this 
equation an additional factor “ Quality of 
maintenance.” However, this expression is 
intended to emphasise the interdependence 
of design, fuel and lubricant factors. Per- 
formance is highest when the quality of 
mechanical design and of fuel and lubricant 
are all as high as possible. If, however, one 
of the factors on the left-hand side is deficient 
then it may be possible (within limits) to 
make up for this deficiency by ensuring that 
the other factors are compensatingly high. 
I am aware of several examples where, 
through some shortcoming of mechanical 
design, the oil industry has been called upon 
to supply a fuel or lubricant with special 
qualities. Perhaps my friends in the auto- 


Quality 
of x 


fuel 


Quality Quality 
of = of 


lubricant performance 
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mobile industry can give examples the »ther 
way round ! 

A good illustration of the above quali ative 
relationship relates to the ability of a rotor 
car engine to start under cold condi:ions, 
This can be improved by attending to v2 “ious 
factors of design, such as size of batter , the 
size of starter motor, the design o{ car. 
burettor, and so on. Alternatively, Starting 
can also be improved by higher volatil.:y of 
the fuel and by using a lubricant of suffic :ntly 
low viscosity at starting temperatures. The 
above equation now reads :— 

Quality Qualityof Quality Quality Qi ity 
(size) of x carburettor x of fuel xoflubri-= of 
starting design (vola- cant starting 


equip- (mixture tility) (low vis- 
ment richness) cosity) 


If the starting equipment is inadequa‘e in 
size or condition, or if the caburettor does 
not deliver the requisite starting mixiure, 
then it may be necessary to increase the 
volatility of the fuel, or to use a lubricant of 
low viscosity. 

The point I wish to make is that the auto- 
mobile and petroleum industries share many 
problems, so that co-operation is the sensible 
line to follow. 

I will now give some examples of the kind 
of work tackled at a laboratory such as 
Thornton. 

The anti-knock level of petrol is obviously 
one of the most important subjects. The 
essentials of such anti-knock studies can be 
expressed in a logical order as follows, 
although they are all normally taking place 
simultaneously :— 

(1) Ascertaining the anti-knock require- 
ments of present cars. 

(2) Using the results of (1) to check and, if 
necessary, improve the validity of laboratory 
anti-knock test methods. 

(3) Studying the anti-knock requirements 
of new or prototype engines. 

(4) On the basis of (1), (2) and (3), develop- 
ing new and better methods for manufactur- 
ing petrol. 

(5) Using the best laboratory test methods 
(2) to study the engine performance of fuel 
components and blends. 

(6) Checking the road performance of 
trial blends in a representative selection of 
cars. 

Item (1) provides a sort of datum. From 
such activities, carried out with a number of 
fuels in many automobiles, the validity of 
the laboratory test methods can be checked. 
As a result of such continued studies the 
Research or F.1 rating has now come to take 
the place of the Motor Method or F.2, and 
it would be unwise to assume that we have 
reached finality. In regard to item (3) above, 
it is obviously desirable for an oil company 
to be in a position to study the anti-knock 
requirements of the engines of the future, so 
far as the automobile industry will permit. 
This means, for example, studying the anti- 
knock requirements of engines of 9 to | or 
10 to 1 compression ratio now under develop- 
ment. It is obviously the task of an oil com- 
pany to develop petrols of suitable anti- 
knock level, and this brings us to items (4), 
(5) and (6). ; 

The octane requirement of a car is deter- 
mined not only by the compression ratio but 
many other design features which are 
obviously the responsibility of the automobile 
manufacturer. This can be taken as another 
example of my equation in which : 

Quality of Anti-knock Quality of 
engine x quality = _ performance 
design of fuel (fuel economy) 
The engine designer has the responsibility 

of ensuring a quality of mechanical design 

which will make best use of the anti-knock 
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quality of the fuel. Such factors are described 
in the United States of America as “ mech- 
anical octane numbers,” where some first- 
rate work has been carried out in this field. 
For a given fuel octane level the permissible 
compression ratio and therefore the thermal 
efficiency attainable is affected by many 
features of engine design. Conversely, for a 
given compression ratio the octane level 
required can be very much reduced by paying 
attention to such features. The latter 
include not only combustion chamber design 
in relation to compactness, plug location, 
turbulence, &c., but also spark advance 
characteristics, valve timing, carburation in 
terms of mixture strength and distribution, 
and so on. There are even transmission 
effects; for instance, with an automatic trans- 
mission a lower limit is set to the speed at 
which the engine can operate and, since 
knock is usually most evident at low speeds, 
such a transmission may have a beneficial 
effect on knock requirements. 

Another quality of a petrol which requires 
continued investigation is that of general 
engine cleanliness—a minimum of deposits 
from the carburettor to the exhaust valve. 
One of the most interesting and important 
of these problems relates to combustion 
chamber deposits, and their effect on knock 
and on “ surface ignition.”” There are thus 
two distinct problems : the former tending 
to produce knock and, therefore, wasting 
octane numbers ; the second involving pre- 
or post-ignition (relative to ignition from the 
sparking plug) originating from some spot 
in the deposits. The latter is evidenced as 
roughness and requires somewhat different 
techniques of study, such as ionisation gaps. 
It is this particular problem that has been 
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Vapour Evolved (Vapour-liquid ratio) 
Fig. 6—Maximum fuel system temperatures and 


vapour handling capacity of various present-day 
motor-cars 


so successfully tackled using phosphorus 
additives. 

The volatility of petrol also requires con- 
tinued study in order to match the changing 
requirements of the “‘ car population ” from 
the standpoint of ease of starting and warm- 
up. The volatility should be as high as 
possible, but here it is possible to en- 
counter one of those mechanical design 
factors referred to in my equation, in 
this instance that of vapour lock. Road 
testing is carried out to ascertain the “‘ vapour 
tolerance ” of motor-car fuel systems and the 
fuel temperatures reached and, in so doing, 
the research laboratory of an oil company 
may acquire information on the influence of 
design factors on vapour lock which may be 
helpful to the automobile manufacturer. 
For example, Fig. 6 shows some results 
obtained on a number of British cars. The 
temperature scale indicates, for each car, 
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the maximum temperature reached by the 
fuel under the standardised conditions of 
the test (atmospheric temperature 70 deg. 
Fah.). The horizontal scale measures the 
limiting vapour-handling capacity of the fuel 
system in each car, vapour lock occurring at 
higher values. On the same graph is shown 
plotted the temperature against volatility 
relationship of a typical petrol. Any car 
whose characteristics are shown by a point 
below this curve will, therefore, not suffer 
from vapour lock under the conditions of 
these tests while, if they are shown by a point 
above this curve, it will suffer from vapour 
lock. An analysis of this kind indicates 
what combination of circumstances is respon- 
sible for vapour lock. A car may have a 
low vapour-handling capacity but be saved 
from vapour lock trouble because its fuel 
system temperature is low(car N). Conversely, 
a car may have a high vapour-handling 
capacity (car A) but suffer from vapour lock 
because of its high fuel system temperature. 

Diesel fuels, more especially those for road 
vehicles, present a different range of problems. 
Applicational research studies have shown 
the relation between sulphur content and wear 
in Fig. 7. The need to reduce sulphur 
content led to process research studies which 
duly produced a method for removing part 
of the sulphur, and the first plant employing 
this process came into use in the United 
Kingdom earlier this year. 


The recent rapid development in the appli- 
cation of the small high-speed diesel engine 
to lighter varieties of commercial vehicle, 
such as taxis, has necessitated a review of 
the most desirable fuel characteristics, in 
particular, volatility and ignition charac- 
teristics. It does not do to assume that one’s 
ideas on such matters, which may have been 
developed on relatively medium-speed en- 
gines, will necessarily apply to such small 
engines operating at speeds of up to 4000 
r.p.m. 

Another subject which is attracting a 
good deal of publicity at the present time is 
the whole question of atmospheric pollution, 
and some ill-considered statements have 
been made regarding the contribution of 
road vehicle engines, and of diesels in particu- 
lar. Thornton has shown that some exhaust 
smoke problems, where they exist, may be 
due to maladjustment or poor servicing of 
the fuel injection equipment. There are, 
however, constituents other than exhaust 
smoke, some of which may be open to sus- 
picion. At any rate, it is desirable to know 
what these constituents are, and just what 
engine and operating conditions control their 
emission. Many laboratories are already 
working on this and on related problems : 
techniques of analysis and engine and fuel 
variables are being studied at Thornton on 
the assumption that if a hydrocarbon fuel 
is burnt completely, there will not be 
any harmful effects. This is, at any rate, 
the most helpful line to follow while the 
medical people make up their minds on medi- 
cal matters. 

Much could be said about the general 
field of research on lubricants for auto- 
mobile engines. The general objective, 
from the standpoint of the user, is to achieve 
cheaper engine operation by giving reduced 
maintenance, greater reliability, and improved 
efficiency. The performance characteristics 
which now have to be taken into account 
in evaluating a lubricant are many, and 
include ease of starting, oil consumption, 
fuel consumption, combustion chamber de- 
posits (in relation to octane requirement 
increase, surface ignition, and exhaust valve 
life), cylinder and piston ring wear, bearing 
corrosion, valve gear pitting and corrosion, 
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piston and piston ring groove deposits, 
and crankcase sludge. 

A considerable amount of research has 
been devoted to the above factors with 


three main variables in mind: design, 
engine operating condition, and the con- 
stitution and composition of the lubricant. 
In regard to the latter, it is well known that 
the use of additives has extended consider- 
ably the range of engine-performance charac- 
teristics. Some such additives are so effec- 
tive in reducing wear that they slow down 
the running-in process, and research at 
Thornton has, therefore, been carried out 
on the optimum surface finish which should 
be used in conjunction with such additive 
lubricants in order to facilitate the running- 
in process. This work has been the subject 
of a paper to the Automobile Division. 

Recently, research on the relationship 
between oil viscosity and engine friction has 
shown that significant savings of fuel might 
be achieved by using lubricants of lower 
viscosity. There are, of course, other inci- 
dental advantages such as easier starting. 
Study has shown that with judicious com- 
pounding of such lubricants, no adverse 
effect on engine life need accompany the use 
of such low viscosity lubricants. Any ten- 
dency for the oil consumption to be higher 
can be minimised by the use of oils having 
flatter viscosity against temperature charac- 
teristics. 

Each of the factors enumerated above 
requires its own test technique for product 
evaluation and development, but it is 
necessary to emphasise the continued impor- 
tance of checking engine results against 
field experience. Thornton is associated 
with field trials on some hundreds of vehicles 
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Fig. 7—Effect of fuel sulphur content on cylinder 
wear 


owned and operated normally by transport 
undertakings, whereby laboratory develop- 
ments can be checked on a realistic basis. 

In fact, it has become evident to me from 
my general experience that one of the most 
important problems in engineering research 
is the development of significant laboratory 
test methods. While early steps may be 
taken to organise simple laboratory tests to 
get to grips with some of the variables 
involved I believe that, as early as possible, 
there should be a study of field conditions. 
On the basis of such studies a laboratory 
test can be developed under controlled and, 
of course, simplified conditions. With such 
a method one can proceed to study variables 
or develop a product or appliance. It is 
necessary to recognize, however, that one 
may have over-simplified the problem or 
omitted some factor of importance and, at 
intervals, one should check progress against 
reliable field or service data, and be ready to 
adapt or change the test technique in the light 
of the failure of the test method to correlate 
with practice. 

There was, for example, a time when it 
was assumed that the most important require- 
ment of an engine lubricant was to resist 
oxidation, and various test methods were 
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developed to measure this property. As 
knowledge grew, it was realised that oxida- 
tion involved certain catalytic effects, and 
catalysts were, therefore, introduced into the 
oxidation experiments. All this work, inter- 
esting and useful though it was, missed the 
essential complicating factor that the most 
important deteriorating influences to which a 
lubricant is subjected in an engine originate, 
not from oxidation, but from contamination 
from the fuel and its combustion products. 
There has, therefore, been a corresponding 
development in laboratory and engine tech- 
niques for measuring such properties as 
detergency. It would be a mistake to assume 
that any finality has yet been reached in the 
complicated problem of measuring the quali- 
ties of an engine lubricant. 

Another danger in the development of 
test methods or techniques is to aggravate 
or accentuate certain conditions in order to 
obtain quick results. The normal life of a 
product or appliance may be relatively great 
and an experimenter may feel that he cannot 
afford the time or money to simulate condi- 
tions exactly parallel to those occurring under 
actual customer conditions. He therefore 
introduces conditions of higher tempera- 
ture, higher pressure, higher speed and so 
on, and, in doing so, he may completely 
distort the picture. The study of exhaust 
valve life is a good example of this. The 
normal life of an exhaust valve may be about 
1000 hours, which corresponds with more 
than a month’s continuous operation, day 
and night, and probably some years actual 
use. By running an engine continuously 
at high loads and high speed, conditions 
may be introduced which cause failure, say, 
within 100 hours. The raising of valve 
temperatures produces, however, a range of 
deposits with melting points differing from 
those formed at lower temperatures, giving 
rise to corrosive and other effects at variance 
with those normally experienced. The order 
of merit of fuels or valve materials may be 
distorted thereby. 

There are many other matters about which 
I would like to speak, but the time has come 
for me to bring this address to an end. 

I am conscious that, while attempting 
to cover a fairly wide range of subjects, I 
have dealt with none of them adequately 
and have omitted many. This is inevitable, 
but I hope I have succeeded in giving an 
impression of “Some experiences of auto- 
mobile research.” 

The motor industry has a bright present 
and, I believe, a still brighter future. I have 
no doubt the industry has become more re- 
search minded, but plenty of research will 
be needed to keep it in the forefront. Such 
research will probably be quite different 
from the kind I have described here, but it 
will certainly be devoted to improving per- 
formance and keeping down the manufactur- 
ing cost of the modern automobile. It is a 
pleasure to see M.I.R.A. in a position to 
tackle problems on a broader front— 
especially on complete cars—and I hope 
support of its activities will expand on the 
grounds that co-operative research can do 
much to encourage a healthy and vigorous 
industry. 

I have resisted the temptation—always 
present—to introduce personalities into this 
address. I owe a good deal to many people 
and it would be invidious to mention names. 
A research career is great fun, because of the 
never-ending stimulus of discovery and also 
because these experiences are shared with 
colleagues who have similar outlooks and 
sympathies. It is to these colleagues, past 
and present, that I would like to pay tribute 
in my final words. 
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Institution of Naval Architects 


AUTUMN MEETING 
No. II—{ Continued from page 544, October 14th ) 


HE meeting was continued in the after- 
noon of Tuesday with Mr. R. B. Shep- 
heard in the chair and the reading of : 


FRICTIONAL DRAG OF SMOOTH AND 
ROUGH SHIP FORMS 


By Ir. A. J. W. Lap 


SYNOPSIS 


The only method of deriving resistance formule 
for turbulent flow along flat plates more or less 
theoretically is by starting from theoretical formule 
for pipe flow. The latter formule are, therefore, 
subjected to a detailed consideration as is also 
the assumption that these formule may be 
adopted in the boundary layer of a flat plate. A new 
approximation method is developed to establish 
a relation between resistance coefficients of pipes 
and rectangular flat plates. This method proves to 
be in fair agreement with Schultz-Grunow’s measure- 
ments of local frictional resistance. With the aid 
of theoretical formule the total frictional resistance 
coefficients can be determined from the local frictional 
resistance coefficients. Apart from this the total fric- 
tional resistance coefficients can also be derived from 
resistance experiments with flat plates. The agree- 
ment between the two methods is highly satisfactory. 

With the aid of results obtained from experiments 
with model families it is shown that it is not satisfac- 
tory to apply plate friction coefficients to ship forms. 
A new method is indicated for calculating frictional 
resistance coefficients for ship forms. ; 

It appears that frictional resistance coefficients 
of pipes, plates (local and total) and ship forms can 
be represented by the general formula : 


cV2_, ReVo, 
cc. way +C 


¢=total frictional resistance coefficient 
where 
«=universal constant=0-4144. 
log Ay= 1-000 for pipes. 
log A,;=1-556 for local frictional 
coefficients of flat plates. 
log A,=1-980 for total frictional resistance coeffi- 
cients of flat plates. 

log As=2-10-2-50 for ship forms. 

Values frequently occurring for ship forms are 
log A,=2-35-2-40. 

Finally, it is pointed out that the new set of formule 
are well adapted for taking into account the surface 
roughness on a physically correct basis, since it 
appears that A, is a function of the absolute roughness 
Kv*/y. On this account a new roughness scale can 
be adopted independently of any series of experiments. 


resistance 


DISCUSSION 


Mr. K. C. Barnaby : During the first half 
of the eighty years which separate us from 
the classic experiments of Froude, the only 
alternative to his method was that due to 
the Dutch naval architect, Tideman. During 
the second half of this period we have had 
such a plethora of friction lines that one 
hardly knows whether to welcome a new 
method or to deprecate it as adding to the 
confusion. 

This paper is welcomed as likely to help 
in the quest for a universally accepted three- 
dimensional friction line. 

It is difficult to quarrel with the author’s 
formula (70) on the score of hydrodynamic 
correctness. The constants are far more 
debatable, and unless these receive inter- 
national acceptance the formula is of limited 
value. It would then serve only as a guide 
to the extrapolation from small flat or ship- 
shape forms up to full-size hull surfaces. 
In an attempt to reduce the magnitude of this 
extrapolation, some experimenters have used 
long pontoons and others have resorted to 
wind tunnels. Both methods are open to 
criticism. The pontoons involve length/ 
breadth ratios that are far outside all normal 
ship practice. Wind tunnels employ a fluid 
that at normal pressures has thirteen times 


the kinetic viscosity of water. This must 
surely indicate a very different bounda 
layer structure in the way of plate edges and 
in full afterbodies. 

It seems preferable to rely on normal 
plate experiments extrapolated by such a 
formula as proposed by the author, although, 
in its present form, it is not explicit. As with 
the Schoenherr line, it will be necessary to 
have either tabulated values or a substitute 
formula that is sufficiently accurate. The 
former are undesirable, as they have to be 
on hand before one can calculate frictional 
resistance, and are apt to convey an entirely 
erroneous idea of their accuracy when 
carried to more than three significant figures, 

Homa has shown us that all the more 
authoritative friction formule give lines that 
can be expressed as : 


l 
—==x(log . Re—log . A)+C. 
VG (log g. A)+ 
Such a form is easy to use, and I ask the 
author if he cannot give us a substitute 
formula of this type, with constants modified 


to avoid the repetition of V2 and the use 
of hyperbolic logarithms. The naval architect 
often has to produce a close power estimate 
within a few minutes and fix the leading 
particulars of a new design in a few hours. 
If we cannot do this, short period tendering 
and quick building becomes impossible. 
The situation is very different from that 
with aircraft. There one can apparently 
spend the first three years in intricate calcula- 
tions and the production of a prototype, 
and the next three years in putting right 
the said calculations and making the job 
airworthy. By that time the power plant 
originally envisaged will probably be 
obsolescent. 

I stress the urgent necessity of coming 
to an international agreement on friction 
lines. Unless we do this quickly we shall 
have the world’s experimental tanks resemb- 
ling the Tower of Babel, with everyone using 
a different friction language. 

Professor Dr.-Ing. K. A. G. Kempf: The 
author has given us some really new ideas 
and by their application has brought 
into agreement many experimental results 
obtained by different experimenters using 
various methods. 

As an old sinner in this field of local and 
total friction experiments with plates, pipes 
and pontoons, adding to the mass of other 
experimental results which have been 
recorded, I must apologise for having com- 
plicated this matter ; but I hope that as the 
result of this paper all these different methods 
will run together in a single equation. 

The author’s deductions are plausible 
and the agreement between the different 
results for small plates, pontoons, pipes 
and ship forms is interesting. Especially 
the curve for the “ Lucy Ashton,” which 
seems to agree well with the results of experi- 
ments with eight models having a smooth 
surface, and with the results for the ship, the 
roughness of which was some 10 per cent 
higher. It must be a sad thing for practical 
people that our endeavours to find the lowest 
line for a smooth surface have not so much 
to do with the reliable prediction of ship 
performance from model tests ; the per- 
centage differences between these suggested 
lines are very small. This practical problem 
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of making a sound prediction is largely a 
matter of the roughness of the hull skin ; it 
js a question of how smooth a surface can 
be achieved in the shipyard. 

Dr. R. W. L. Gawn: This paper is an 
expansion of that previously published by 
the author in association with Professor 
Troost in 1953. The basic formula then 
established now receives support from addi- 
tional experimental information from tests on 
geometrically similar model hulls, pontoons, 
plates and pipes. Substantial adjustments of 
the numerical values of the constants in the 
formula are involved for different applica- 
tions and, indeed, significant differences 
between the various hull forms considered. 
For example, parameter A for the “‘ Simon 
Bolivar” family in Fig. 26 of the paper is 
significantly greater than that for the “ Lucy 
Ashton” family in Fig. 29. The author’s 
extrapolator varies because it includes form 
effect and is accordingly three-dimensional. 
This contrasts with two-dimensional formu- 
lations from plank tests which assume that 
form effect is included in residuary resistance. 
Neither approach can be true physically 
unless you can determine the form effect 
physically, since viscosity and wave-making 
are interdependent. ; 

Essentially, we are considering an empirical 
or partly empirical formulation with a good 
physical background, and as such the evidence 
of the consequent ship predictions must be 
borne in mind when assessing the practical 
validity of the law. Perhaps the author 
would indicate the relation between the 
effective horsepower over the speed range 
predicted by his formulation for the ships 
corresponding to each of the four models 
for which results are included in the paper 
and the values obtained from (say) Froude 
and Schoenherr coefficients. ' 

I am worried about determining the 
appropriate value of the parameter A for a 
specific hull. It can, in principle, be deter- 
mined from a model test. However, it will 
be difficult to avoid uncertainty in practice, 
since the speed of test must be low enough 
for wave generation to be negligible and yet 
sufficient to avoid laminar flow. Artificial 
turbulence stimulation may dispose of the 
latter, but a small correction is then called 
for and this can lead to some lack of precision. 

It appears from Fig. 7 of the paper that 
local friction will not be significantly different 
from that from Schoenherr and some 
other formulations. Similar remarks apply 
to Fig. 8, relating to local and total friction, 
and to Fig. 23, for the pontoons. This 
seems to indicate some alignment with other 
formulations over the experimental range so 
far as flat surfaces are concerned, but it by 
no means follows that the law can safely be 
extrapolated. 

The ship zone of any formulation is at 
least as important as the model zone. There 
is at present no real information to confirm 
ship skin friction. Verification is essential 
before arriving at a firm opinion concerning 
any formulation. Perhaps reliable informa- 
tion in this respect will be available in the 
future from the investigations now in progress 
in the author’s country and elsewhere. 
Perhaps the author will subject his proposals 
to review when reliable ship results become 
available and simplify his symbols to align 
them with the B.S.R.A. nomenclature. 

Mr. V. A. Sentic : The author has treated 
the intricate problem of frictional drag in 
an ingenious way. It is my opinion that 


shifting the extrapolator line to the values 
of the resistance coefficients by non-wave- 
making speed represents a revolutionary 
idea which is very promising indeed. 

I think that the only deficiency in the 
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practical application of this method lies in 
the fact that log. A is calculated from the 
results of the measurements made at non- 
wave-making speed, and at this speed it is 
very difficult to obtain consistent results 
because of unstable flow around the model 
hull. Maybe for practical work with models 
it would be more convenient to develop the 
present method in such a way that the form 
factor should be determined for a certain 
higher standard speed at which there is no 
danger of laminar or mixed flow. For those 
who work in experimental tanks it would be 
extremely useful to split the residuary resist- 
ance into pure wave resistance and form 
drag. It would show the way in which we 
must start when trying to improve a hull 
form, and I believe the author’s ideas will 
enable us to do this. 

Ir. A. J. W. Lap, in reply, said: I agree 
with Mr. Barnaby that in recent years many 
theoretical resistance formule have been 
put forward, and that it is very difficult to 
determine whether or not experiments are 
reliable. Therefore, I think it important 
that the analysis of the different experiments 
is based on a formula which has a certain 
theoretical background and if the experiments 
are in agreement with the theoretical back- 
ground it is an indication that the formula 
may be correct ; but it is not 100 per cent 
certain that it is correct, because it cannot 
be proved. Mr. Barnaby asked if it were 
possible to give a simpler formulation ; in 
the original paper by Lap and Troost a 
simple formulation was given, but in my 
present paper I have restricted myself to 
log. formule, which can be used just as 
simply as the simple formula. 

It has been remarked that, for practical 
people, the value of these new skin friction 
formule is that we find that the frictional 
resistance of a theoretically smooth ship is 
lower than we had thought. I think that is 
important for shipowners especially, because 
it might inspire them to make the hulls of 
their ships as smooth as possible. 

I agree with Dr. Gawn that, so long as we 
cannot give watertight proof of the correct; 
ness of any of the formule proposed by 
different people, we cannot claim that one 
extrapolator is absolutely correct. Neverthe- 
less, we must try to give an extrapolator 
which is as good as possible. Dr. Gawn 
mentioned the differences between the form 
factors. It would be interesting to make 
predictions for some types of ships, differently 
extrapolated. I have not done that in the 
paper because to do so would make it too 
complicated. 

As to nomenclature, we are in a difficult 
position in Holland ; we are living between 
two schools of nomenclature—the German 
and the English—and it is very convenient 
for us if we can publish a paper in several 
countries using a given nomenclature. I 
have great admiration for William Froude’s 
experiments. The first experiments he carried 
out more than eighty years ago have lost 
none of their value, and it is still the principle 
of William Froude that is used to-day; it 
is just a question of which correction should 
be used. 

Mr. Sentic mentioned the great difficulty 
of the suggested method of calculating fric- 
tional resistance and the determination of 
the value of the form factor at a very low 
model speed. If we take sufficient care in 
simulating flow it is possible to obtain fairly 
reliable values for the form factor; it is 
very important that, in determining this 
factor, any error that is made is small. 


The reading of papers was resumed on the 
morning of Wednesday, September 2lst, 
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with Mr. Norman M. Hunter in the chair, 
and the first paper presented was read by 
Ing. V. Jamnicki on behalf of the author, 
and was :— 


ORGANISATIONAL DEVELOPMENTS OF THE 
SHIPYARD ULJANIK 


By ING. Dsuro StiPetic 


SYNOPSIS 


The transitory period between the first and 
second world wars is referred to and the develop- 
ment of the yard since reconstruction began in 1947 
is described. A diagram illustrates the present 
organisation of the shipyard and the functions of, 
and also the relationships between, the various depart- 
ments are outlined. 


DISCUSSION 


Instr. Rear-Admiral Sir Arthur E. Hall : 
I am not in a position to comment on the 
general principles, but perhaps Mr. Jamnicki 
could give us more information on some of 
the details. I notice that the yard has a 
chemical and testing laboratory. Is any 
provision made there for research work ? 
In the past, the old and the young workers 
worked alongside each other, so that the 
young people could learn from the older 
workers. For the future, are you planning 
to educate and train the young workers who 
are coming along, and is it possible to give 
some information about the wages of the 
different grades of workers ? 

Mr. J. D. Calder: Under the heading 
“financial director” in the organisation 
chart there is the item “ liquidation.”” Would 
the speaker explain that term more fully ? 
No one who has not seen the country as it 
was several years ago can appreciate the 
tremendous amount of hard work which has 
been done in getting back into production. 
The contrast between the state of affairs 
after the war and the situation to-day is the 
measure of the success of our Yugoslav 
friends in putting shipbuilding on its feet 
again. 

Mr. J. A. Milne: May I suggest that 
reference to the size of berthing, the output 
of ships and machinery and a description of 
the welding equipment would complete the 
paper? 

I notice from the organisation chart that 
there is a legal adviser. Is he a permanent 
employee, and if so, could he not be incor- 
porated in the person of the financial 
director ? I also think that the secretary 
could have been embodied in the financial 
director’s department. To my mind this 
chart means heavy overhead charges, and I 
am thinking how I would try to reduce 
them. 

Sir Victor G. Shepheard: What are 
precisely the functions of the executive 
committee ? On what types of questions 
does it decide ? You have said that the 
committee does not interfere with the general 
running of the yard. I am sure that we from 
Great Britain would be very interested to 
know precisely what it does. 

Mr. J. Foster Petree : May I ask how often 
the workers’ council meets ? It is a big 
council, comprising 4 per cent of the strength 
of the yard. Do the members meet merely 
to elect their executive committee, or do 
they meet at regular intervals to supervise 
the executive committee ? 

Mr. R. B. Shepheard : I notice that the 
sales division is one of the responsibilities of 
the work preparation and sales manager. 
That seems unusual since the lecturer 
mentioned that at an earlier stage the sales 
division had been under the authority of 
the commercial director. Perhaps he could 
explain a little more fully why that division, 
which has the important functions of seeking 
new work, arranging contracts, is part of 
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the work preparation division under the 
authority of the technical director. In 
the equipment of the yard there is provision 
not only for a very high percentage of new 
construction, but also for repairs and diesel 
engine production. There are also facilities 
for anchor and chain testing and X-ray 
testing equipment. Any further details that 
the lecturer could give would be very helpful. 

I note that technical inspection is a separate 
sub-division under the technical director, 
and understand that it is independent of 
the production manager. This arrangement, 
in which the technical inspection is not 
subject to any kind of pressure from the 
— manager, seems an excellent 
idea. 

Professor-Ing. S. Silovic: I think that 
Mr. Jamnicki did not emphasise sufficiently 
the condition of the yard in 1948. For about 
two years after the war it was occupied by 
Allied forces, and during those two years 
the yard was practically evacuated. All the 
best men and practically all the naval 
architects and engineers had left, only the 
older workmen remaining. One of the 
things we did at that time was to centralise 
management. I think this organisation is 
rather too American, but it was arranged 
according to the conditions prevailing. 

When we started again after the war, one of 
the difficulties was that many of the workmen 
spoke only Italian, while, on the other hand, 
there were naval architects and engineers 
who did not know a word of Italian. The 
director therefore made it obligatory for the 
Italians to learn Croatian, and the Crotians 
to learn Italian. 

Ing: Jamnicki, in reply, said: The laboratory 
at the yard is under the authority of the 
production manager, and is concerned mostly 
with the testing of steel, &c. We do not 
carry out research to the extent of that which 
is done in the laboratories at Ljubljana. 

It has been suggested that the functions of 
the secretary should be combined with those 
of the financial director ; however, we con- 
sider that the secretary’s work is quite 
different from that of the financial director. 
With regard to training and schools, in the 
past we have had our apprentices school at 
the yard, but about two years ago a school for 
all the industry was organised at Pula, but our 
opinion is that we should have our school at 
our own yard. The item “liquidation,” 
which is shown on the chart to be under the 
authority of the financial director, refers 
to the liquidation of orders. 

We use mostly the rotative type of welding 
sets in the shops, but also have automatic 
welding equipment. 

The workers’ council may meet once per 
month, always after working hours. The 
members of the executive committee discuss 
all important fundamental questions and 
problems arising in the yard, and they have 
to approve all changes of personnel, &c. 
They do not have regular meetings, but meet 
as required to deal with problems which have 
arisen. 

With regard to the comments on the sales 
division, much depends on the size of ship to 
be built. It would be possible to have the 
division under the commercial director, but 
there must be close co-operation with the 
technical divisions to ensure that reasonable 
costs for the work are not exceeded. 

The technical inspection is under the 
technical director and production manager. 

The Chairman: The organisation as 
shown in the paper might appear to us to be 
very complicated, but it must be remembered 
that this enterprise is not only a shipbuilding 
yard, but also a repairing works and an 
engine works. I have always been a believer 
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in having a works committee, practically on 
the same lines as here, particularly in new 
shipyards ; I find it the greatest possible help 
to have such a committee to consider all 
sorts of things, except wages. I also believe 
in training schools. Before taking a boy 
into the hurly-burly of the works it is only 
proper that he should go into a school, 
where he will have explained to him the 
various tools he will have to use and how to 
use them, and where he will receive training 
for one or two years before he passes to the 
workshops. The time spent in the school 
cannot be regarded as a complete loss to his 
employers, for a certain amount of the work 
he does during training can be productive. 


The second paper presented on Wednesday 
morning was : 
THE RECENT DEVELOPMENT OF THE SHIP- 
YARD AT SPLIT. 
By M. STANGER and S. ERCEGOVIC. 


SYNOPSIS 


The history of the yard is outlined and then the 
task of extending the shipyard is examined. General 
considerations of the problem are set out and also 
the basic solution of the general layout of the site to 
suit production targets. Tables list the areas of the 
various departments, the numbers of machine tools 
and their capacity, and details of steel output. 


DISCUSSION 


Mr. A. R. Mitchell: In the paper it is 
stated that the output of assembled units, 
i.e. units completely constructed ready for 
joining up as a ship, is 690 tons per week, 
or 35,800 tons per year, a huge figure for a 
small yard; that the storage area for each 
berth is 2400 square metres, and that this 
is sufficient to lay down 600 tons of units in 
front of each building berth. Over a period 
of four weeks the joining up of the units 
into a ship can proceed at an average rate 
of 675 tons per week as total on all berths, 
based on an eight-hour shift, also a noble 
performance. 

From the diagram showing the occupation 
of the storage area of one berth when building 
a standard 10,000 tons tramper (Fig. 8 of the 
paper), it appears that the time from the first 
unit being placed on the berth until the vessel 
is launched is four and a half months, for 2600 
tons of steel, and to produce the thirteen 
ships visualised, this work would need to be 
carried out simultaneously on all five berths, 
making a total of 34,000 tons. These figures, 
for a yard with a total labour force, for all 
trades, of 4000 men, seems a remarkable 
achievement, since the total number to deal 
with this 34,000 tons of steel is much less 
than 4000. The achievement is far in excess 
of twice the output of our yard, having a 
labour force of 2000. However, the material 
we use is certainly much lighter, so that the 
output on a tonnage basis must look smaller. 

I think that, with the machine tools listed, 
it would not be possible in the time to produce 
the material for the prefabricated units 
referred to in the paper. The amount of 
material and machine tools in the yard is 
roughly about half the amount we have in 
our yard, with its 2000 men. The 15ft plate 
bending rolls seem very small for a yard 
building vessels up to 518ft in length. Mr. 
Stanger has said that his yard is able to 
produce 40,000 tons of finished steel worked 
into ships in one year. That leads me to ask 
whether this yard at Split has actually pro- 
duced thirteen ships, each having nearly 
2600 tons of steel, in a particular year, or 
whether it is organised so that if it had orders 
for thirteen ships it could produce them in 
one year. 

Mr. J. D. Calder : In the previous paper, 
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dealing with the shipyard Uljanik, there jg 
a plan of the yard which includes a iisefy 
scale ; in this paper there is a gooc’ plan 
of the yard at Split, but it contains no scale 
the addition of which would help to ir:dicate 
the size of the yard. 

We are to have the pleasure to vi. t the 
shipyards at Rijeka and at Split. The great 
contrast between the two will strike | al] 
because I think that whereas at the y.rd at 
Rijeka they are handicapped by la-k of 
space it seems that they are handic::pped 
at Split because they have almost too :,uch, 

Mr. F. N. Boylan: One difficu'.y in 
building up a yard from small beginn: igs is 
that of organising the workers into the most 
modern and up-to-date methods of woking. 
I think that has been done in Yugosiavia, 
One of the bugbears in our shipyards ‘s the 
subdivision of labour. For example, to get 
one fitting placed in a ship it is often necessary 
to employ four or five trades, one to mark off 
the fitting, another to drill, another to fit 
and another to connect up with the following 
part, and I ask if this subdivision exists at 
the yards in Jugoslavia. If, for instance, a 
job is given to the wrong trade, has the other 
trade any organised method of protest ? 
Is a strike possible in Yugoslavia ? If the 
subdivision of labour can be avoided, so 
that opportunity can be taken to reorganise 
the trades and workers into really up-to-date 
methods of working, without opposition, | 
think they have here a considerable advantage 
in building up new yards. 

( To be continued ) 





Engineering Industries Association 
THe eighth London Regional Display, 
organised by the Engineering Industries 
Association, was held at the Royal Hor- 
ticultural Hall, Westminster, last week. 
This year the number of exhibitors increased 
to 154, all of them being engineering 
and associated firms whose activities are 
carried on in London and the Home 
Counties. The progress of this annual 
display, and the increasing demands by 
firms for inclusion in it, were commented 
upon by Mr. D. A. Gunn, vice-chairman 
of the E.I.A. London regional commit- 
tee, at a recent luncheon to representatives 
of the technical and trade press. On the 
same occasion, Mr. Gunn spoke about 
the growth of the group apprentice train- 
ing scheme which is sponsored by the 
Association. This is a scheme which operates 
amongst the smaller engineering firms. Under 


‘it groups of firms undertake to provide 


comprehensive training for a number of 
apprentices, each group being controlled 
by a committee of representatives of member 
firms, youth employment services and educa- 
tional organisations. The routine adminis- 
tration and supervision of training are 
delegated to a supervising engineer who is 
on the staff of a firm of industrial consultants, 
so that the time and attention required from 
the staffs of the various firms are kept to 
the minimum. Candidates for apprentice- 
ship are selected by the firms participating 
in the scheme, with the guidance of the super- 
vising engineer, and each accepted candidate 
works for a probationary period with his 
sponsoring firm. If this period is satisfactory, 
the apprentice is indentured, the indentures, 
which are normally for a period of five years, 
being signed, usually, on the sixteenth birth- 
day for craft and draughtsman apprentices 
and on the seventeenth birthday for student 
apprentices. As apprentices follow the 
course of training laid down for them, they 
move between firms within the group, 
gaining experience appropriate to their grades. 
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Steelworks Electric Overhead 
Travelling Cranes 


No. I 


N October 5th and 6th, a conference on 

steelworks cranes was held at Harro- 

te. It was organised by the British Iron 
and Steel Research Association’s Plant and 
Engineering Division. In_ the unavoidable 
absence of Mr. W. F. Cartwright, M.I.Mech.E., 
managing director of the Steel Company 
of Wales, Ltd., Mr. J. F. R. Jones, of John 
Summers and Sons, Ltd., presided as chair- 
man. Mr. Jones, in opening the proceedings 
referred to the publication of the new “ Crane 
Specification” by B.I.S.R.A. shortly before the 
date of the conference, expressing the belief that 
this specification would be of great value 
to crane makers and the steel industry generally, 
and hoping that the fullest use would be made of 
the data contained in it. The three following 
papers were then presented. 


STEELWORKS REQUIREMENTS FOR CRANES 
By K. PATTERSON que Structural Company, 
td. 


The term “ steelworks cranes” is used, he said, 
to cover a very wide range of cranes from the large 
ore bridge with its many associated problems of 
grabbing, wind loading and skewing to the slow- 
moving heavy crane, such as the 200-ton ladle crane 
handling full ladles of molten steel or the forging 
crane with its high loading stresses; the smaller 
and faster medium duty cranes, used in production 
processes, such as the magnet crane in a plate mill ; 
the special duty cranes and chargers for soaking 
pits, ingot stripping and reheating furnace charging ; 
and finally the normal duty cranes for roll changing 
and general plant service in power stations, pump 
houses, machine shops, &c. These cranes all play a 
vital part in iron and steelmaking and usually there 
is no stand-by, so that their “* availability” must 
be high. When ordering a crane it is essential to ensure 
that it is suited to the duty it is to perform and to 
avoid breakdowns due to abnormal loadings, such 
as mistaken overloads, shunting wagons, stripping 
stickers, scraping slag in soaking pits, violent braking 
and collisions between cranes. Thorough acceptance 
tests should be carried out. The crane must be 
designed for ease of normal maintenance ; there 
should be good access to all working points, adequate 
working space, good lighting, well-grouped grease 
nipples, mechanical lubrication, and easily removable 
guards and casings to facilitate inspection, &c. 
Similarly the layout of the crane should allow rapid 
major repairs and replacements without the need for 
temporary staging ; suitable lifting gear should be 
provided. The greatest possible standardisation to 
reduce the number of spares is also most essential. 

Obviously, there must be close co-operation 
between the maker and the maintenance engineers. 
Given a free hand the engineer will specify a crane 
of ample size and strength with high availability, 
low maintenance and repair cost, but the weight and 
power consumption will be high and the building will 
have to be very strong to stand up to the direct and 
indirect loads imposed upon it. Crane performance 
sometimes suffers because the building is badly 
designed ; lack of headroom may lead to abuses 
such as the disconnecting of upper limit switches 
to avoid trip-outs for a high lift; similarly too 
close an approach of the hook to the sides causes 
troubles. The gantry must resist longitudinal 
swaying and lateral surge loads arising during cross 
traversing, particularly when shunting or scraping 
slag from soaking pits. The foundations must be 
good ; unequal settlement can lead to irregular 
tracks causing tough running and heavy wheel tread 
and flange wear. There must be ample clearance 
between end carriages and roof legs above the gantry 
to ensure the safety of maintenance personnel. The 
building should also be well-lit and ventilated at all 
levels, particularly where heat or fumes are present. 
The high cost of an amply designed building, how- 
ever, must be balanced against the probable saving 
in production delays. 

The crane maker not unnaturally asks how he 
can build a reasonably cheap crane when his clients 
impose such severe conditions upon him and then 
mis-use his product, while steelworks engineers 
believe in weight and strength for service. The 
purpose of the conference is to show what has been 
done to rationalise crane design to permit the design 
and use of smaller and lighter cranes. 





MANUFACTURERS’ VIEWS ON STEELWORKS 
CRANES 


By J. BAKER (Joseph Booth and Bros.) 


The building of steelworks cranes is a specialist 
job ; by standardising components so that erection 
is a matter of assembly, direct labour charges in one 
works have been reduced to about 10 per cent of the 
selling price. Raw materials, motors and gears 
cost about 50 per cent and the remainder covers 
costs such as tendering, development, design, drawings 
and profit. The production of drawings to individual 
specification is expensive, owing to_the time spent 
on special access, housing of gear, ladders, hand- 
rails, &c. An agreed standard layout for these items 
would be a great help. The performance of cranes 
has undoubtedly improved since B.I.S.R.A. started 
investigation, particularly in respect of the differentia- 
tion between speed and acceleration. Work on sizes 
of track rail and tyres, and on long travel joints is 
urgently required. The revised B.I.S.R.A. specifica- 
tion appears to be an improvement on the original 
which specified minimum requirements, unlike its 
American contemporary which limited the type of 
construction so that designs have tended to stagnate 
and British designs are becoming superior. 

The following comments on the Specification 
are made : 

The cost of drawings is averaged over the whole 
output so that the customer does not pay directly 
for the design which is the maker’s property and not 
transferred to the purchaser by the sale of the crane. 
It is therefore incumbent on the latter to see that 
“as made” drawings as called for in the specifica- 
tion for maintenance purposes do not get into the 
hands of a third party. 

Steel economy in girders should be possible using 
the revised deflection allowance of 1/900 under the 
ccmbined weight of crab and load. 

Reverse camber is built into a girder to counteract 
natural sag and permanent set, which vary with 
the design and the amount of camber is not a matter 
for specification. 

A | in 12 taper is preferable to 1 in 16 with tread 
widths designed to the formulz given. 

Now that the size and rating of a crane motor can 
be correctly selected, expensive mill motors, a relic 
of the past lack of knowledge, are unnecessary ; 
industrial motors will give satisfactory service at 
half the cost and two-thirds the weight. 

The steel industry is dependent on the crane trade 
for improvements in crane performance and it is in 
its interests to ensure the crane maker gets a fair 
price. For non-standard cranes the most effective 
method of purchasing is to send preliminary inquiries 
to several firms to assess available capacity and designs, 
the final detailed inquiry being.sent to one or at 
most two firms. Unnecessary weight increases the 
load and wear of mechanical parts, but any savings 
in weight in recent years have been more than off- 
set by additional platforms and guards for safety, 
200 square feet on a 10-ton 112ft span crane, or nearly 
a quarter the total weight. Also the normal steelworks 
remedy for a structural failure is to strengthen up the 
member instead of increasing the strength by correct- 
ing the weakness without adding more material ; 
overloading, not fatigue, is usually the cause. Crane 
designers would welcome data on damping capacity, 
which absorbs shock loads and is greater in girders 
with loose rivets, and least in welded structures. 

The renewal of many cranes built between 1900 
and 1910 will have to be faced in the next few years. 
Where the clearances are not great enough to house 
a modern heavy duty crane, it would be preferable 
to be content with a lighter duty crane such as covered 
by Class II or III of B.S. 2573. 

The following specification for a stock bay crane 
for an open hearth melting shop using 100 per cent 
cold charge is a personal recommendation. 

Two vertical rope falls in preference to splayed 
lift ; a.c. heavy duty industrial motors, reducing 
the cost of electrics by 25 per cent, and possibly 
also a special two-speed motor for slow speed 
operation with high torque ; SO0ft per minute 
geared traversing speed with acceleration of 1-5ft 
per second per second; low voltage d.c. coil 
contactor control ; individual protection for each 
motor against overload, &c.; bar mounted open- 
type panels in a contactor house ; counter current 
braking on lowering and plug braking on traversing 
and travelling ; two miniature master controllers, 
one for hoisting and the other a joystick type for 
traversing and travelling ; d.c. clapper or multiple 
lever brakes; a well designed light cab, 
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positioned at the opposite end to the furnace stage, 
but not at the centre, to allow a good view ; riveted 
girders ; a minimum of light alloy platforms ; 
welded hollow box section end carriages ; roller 
bearings, independent motor long travel drive 
with universal couplings giving accessibility and 
oiltight gears, but prohibiting the use of taper 
runners, desirable as these are ; spur gears; no 
keyways ; splined shaft couplings ; automatic oil- 
splash lubrication ; grease packed runners, pulley 
block bearings and couplings requiring attention 
only four times a year; cable drum current 
collection for the crab ; for turning magnet, slip- 
rings on an extension of the magnet power feed 
eye shank ; and also built-in end carriage jacks 
and efficient shock absorbing buffers on the crab 
end carriages. 

Cranes are still too heavy and require too much 
attention ; elimination of daily lubrication and self- 
adjusting brakes are being considered and any help 
that steelworks engineers can give by pointing out 
weaknesses is welcome. B.I.S.R.A. might well 
consider the elimination of resistances by using d.c. 
motors operated by grid voltage control on the rec- 
tifiers with a.c. power supplies. 


STRUCTURAL DESIGN 


By J. S. TERRINGTON and D. BUCHANAN 
(B.LS.R.A.) 


It is now generally realised that there is scope for 
improvement in crane design. The user wants 
reliability in operation at minimum cost. Perfect 
reliability can be obtained using excessive material, 
with massive cranes and buildings, but capital and 
operating costs will be high. The ideal is the lightest 
possible, sufficiently robust structure for the duty ; 
there must be a sufficient factor of safety on all 
members and connections, but no more. B.S. 466: 
“B.0.T. Cranes for General Use in Factories, 
Workshops and Warehouses,” specified low stresses 
to cover all loading conditions and ranges of stress 
and the loading was not defined. The 1950 edition 
of the B.I.S.R.A. specification for heavy duty steel- 
works E.O.T. cranes provided a stress factor and 
defined the load. In the revised specification, the 
stress factors have been modified in the light of 
experience gained in full-scale works tests on all 
types of iron and steelworks cranes in the last three 
years. The general scheme of loading and stress 
assessment has also been used in the recent B.S.I. 
report on permissible stresses in crane structures, 
No. 2573/55. 

Some of the important factors affecting design 
covered by the specification are :— 

Dead loads, e.g. machinery, electric motors, 
control panels, &c., should be reduced to a minimum. 

Live loads and vertical impact factors should be 
correctly assessed, also the lateral inertia forces, 
abnormal or “ abuse” loads due to pulling trucks, 
collision with another crane, &c., and the torsion on a 
bridge due to the motor, 250 per cent of the full load 
torque. 

Basic stresses for tension, compression, shear, &c., 
with a suitable factor of safety for static loading as 
used in all B.S.I. specifications should be modified 
by suitable stress factors to allow for the constant 
variable loading occurring in cranes. 

Permissible stresses should be the basic stresses 
for tension, compression, shear, &c., with a suitable 
factor of safety for static loading as used in all B.S.I. 
specifications, modified by suitable fatigue factors 
to allow for the constant variable loading occurring 
in cranes. In the revised B.I.S.R.A. specification, 
variable fatigue factors are used depending on the 
ratio of the minimum to maximum stress in the 
member and the type of connection. Alternative 
values are also given for high tensile steel. 

Every piece of material should be used to the best 
advantage and be stressed up to the limit of the 
specification. Unstressed material should be elimi- 
nated, e.g. walkways, &c., should be incorporated in 
the structural strength. The end carriage should be 
long enough to avoid “crabbing” and horizontal 
bracing between bridge and end carriage should be 
used for overall rigidity. Bridges should be more 
flexible, particularly in forging cranes and lighter 
masts should be used for ingot chargers. With lighter 
sections, design details which are proof against 
corrosion should be developed. 

The use of high tensile or alloy steels, tubular steels 
and welding should be considered. The reliability 
of the latter may, however, need further investigation, 
particularly in respect of fillet welds on lattice 
structures. 

The rail tracks must be as true as possible for 
smooth running ;_ bad rail joints may increase the 
impact on gantry girders by 50 to 100 per cent. 

Points of particular interest, arising from the full- 
scale crane tests carried out by B.I.S.R.A. are : 

An impact factor of at least 1-4 must be applied 
to allow for snatch hoisting where applicable (5-ton 
magnet crane test). 

Forging cranes are liable to high overloads up to 
about 100 per cent due to transfer of load from the 
press during forging. (100-ton and 250-ton forging 
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crane tests.) For this type of crane, too stiff a 
construction is undesirable. 

Stiff-masted cranes, in particular, are subject to 
vertical as well as lateral forces at the rail level due 
to long-travel acceleration and braking and when 
abnormally loaded, e.g. pushing wagons. (100-ton 
— with stiff guides and 4-ton stripper crane 
tests. 

Some crane bridge members are subject to a range 
of stress as much as 7 tons per square inch during 
normal crane operation (100-ton ladle crane tests). 

Both auxiliary and main girder members are 
stressed under vertical and lateral live loadings and a 
design method has been evolved to enable all stresses 
to be calculated. A summary of the method is 
available on application to the British Iron and 
Steel Research Association. 


DISCUSSION 


From the discussion which followed these 
three papers, comprising the conference’s first 
session, it became obvious that there was a 
general preoccupation among engineers and 
others with design criteria and standards. The 
increasing weight of cranes was causing some 
concern. One speaker quoted two telling 
examples. In 1915, his firm installed an E.O.T. 
crane, 150 tons capacity, 70ft span, which 
weighed 75 tons. A replacement to the same 
general specification would weigh 130 tons. A 
20-ton plate-handling crane installed in 1920 
weighed 30 tons ; its successor weighed 75 tons. 
These substantial increases showed very clearly 
the price which had to be paid for greater avail- 
ability and safety. 

The immediate problem of increased main- 
tenance and complication of operation arising 
from increased weight was followed by other 
problems. The necessity of reinforcing the 
fabric of buildings to take these extra weights 
and provide a level track were serious factors. 
It was felt that crane makers would render a 
great service to industry generally if they could 
halt this trend towards increase in weight, pro- 
vided it could be achieved without sacrificing 
valuable refinements in control and operation. 
This view was generally supported by other 
speakers ; one proposal was that there could be 
some reduction in the number of members in a 
crane structure by making greater use of high- 
tensile steel. It was also suggested that tradi- 
tional design had reached a dead-end, and that 
perhaps the time had come for a new approach 
to the whole question, possibly in the form of an 
inexpensive light crane designed to last only for 
ten years or so. Changes in design had been 
very difficult in the past, because until B.I.S.R.A. 
tackled the subject no information was available 
on the actual stresses and strains occurring in 
cranes during operation. Many opinions favour- 
ing standardisation of main components were 
expressed. In particular, a standard interchange- 
able bogie unit would greatly ease maintenance 
problems. 

Support for these suggestions came from a 
representative of the British Standards Institution. 
Referring to the new B.I.S.R.A. “ Crane Speci- 
fication,” he suggested that it could well be 
considered as the basis for the compilation of a 
B.S.I. Standard. He also mentioned that the 
British Standards Institution had in fact already 
been asked by the Crane Makers’ Association 
to standardise some components. The Institution 
considered this an excellent suggestion which, 
with the co-operation of the steel industry, 
would give valuable results. 


(To be continued) 





SINGAPORE’S TRANSPORT SySTEM.—With the agree- 
ment of the British Transport Commission, the 
Singapore Government has appointed Mr. L. C. 
Hawkins, a member of the London Transport 
Executive, as chairman of the Transport Commission 
being set up to advise on the development of the 
passenger transport system in Singapore. The other 
members of the Commission will comprise repre- 
sentatives of the Ministries of Communications and 
Works, and Local Government, Lands and Housing, 
together with two representatives of the City Council. 
The problems with which the Transport Commission 
will have to deal arise largely from the unplanned and 
rapid expansion of transport services on Singapore 
Island. The centre of the town is served by the 
Singapore Traction Company, operating under its 
own ordinance, which confers on it certain special 
rights and privileges. The other half of Singapore’s 
transport is run by some ten private Chinese com- 
panies of varying size operating on suburban and 
rural routes on licences renewable every six months. 
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Chamber of Shipping Annual Dinner 


AT the annual dinner of the Chamber of 
Shipping, which was held on Thursday of 
last week, the toast of “‘ The Royal Navy ” 
was proposed by the president, Mr. A. I. 
Anderson, who underlined the great need to 
keep ships at sea and deprecated time lost 
by slow turn-round in port. Our overseas 
trade, he pointed out, had undergone a 
radical change in that we now imported coal 
and also considerable quantities of oil upon 
which industry and agriculture now largely 
depended for motive power. With regard 
to air transport, he advocated keeping things 
in perspective and mentioned the heavy fuel 
requirements of aircraft and the compara- 
tively small amount of cargo carried. War 
losses had been made good and, said Mr. 
Anderson, the tonnage of the British Mer- 
chant Navy was now in excess of the pre-war 
total, the new ships embodying advances in 
technique being more efficient and of higher 
speed. However, their efficiency and the 
greater cargo-carrying potential provided by 
higher speed, he was sorry to say, were in 
the main largely nullified by delays in port. 
Another factor adverse to the efficiency of 
our shipping services was the dock strike, 
which caused damage of a long-term character 
and had a direct effect upon the country’s 
standard of living since, he continued, the 
delay of ships in port resulted in a reduction 
in the substantial sum contributed by shipping 
to our invisible exports. The speed of 
advance of modern technology meant 
the constant replacement of old ships by 
new, in order to compete with the merchant 
fleets, many of which were subsidised, of other 
countries, and Mr. Anderson warned that 
the ability of shipowners to renew their fleets 
was seriously diminished by the present 
level of taxation. He regretted that the 
Royal Commission on Taxation was only 
sympathetic towards the particular needs of 
shipping, and thought that it was logical to 
hope for some relief of the taxation burden 
since the Government already accorded 
special consideration to air transport. 





Railway Accidents in 1954 


THE report upon the accidents which 
occurred on the railways of Great Britain 
during 1954 has just been presented to the 
Minister of Transport and Civil Aviation 
by the chief inspecting officer of railways, 
Lieut.-Colonel G. R. S. Wilson. In the 
report accidents are grouped under three 
headings—train accidents, movement acci- 
dents and non-movement accidents. The 
heading train accidents includes accidents 
to trains and rolling stock on or affecting 
a passenger railway, and failures of rolling 
stock, track and structures. During the 
year under review the number of train 
accidents reported increased by 74 to 1197, 
and of the 629 casualties which resulted 15 
persons were killed and 614 were injured. 
No passenger was killed in a train accident 
and the 15 fatalities, which were the result 
of 12 accidents, included one railway servant 
and 14 other persons. Of these 14 persons 
11 were occupants of road vehicles in level 
crossing accidents, and three were occupants 
of a lorry which broke through the parapet 
of a bridge after a collision and fell on the 
permanent way in front of a freight train. 
In the accidents connected with the movement 
of railway vehicles, 40 passengers were killed 
and 4543 injured, mainly as a result of mis- 
adventure, carelessness and misconduct. The 
number of railway servants killed in move- 
ment accidents was 138 and 2144 were 
injured. Non-movement accidents which 
occurred on railway premises, and were not 


Oct. 21, 1955 


connected with the movement of a railway 
vehicle, caused 40 deaths and 17,210 inj:iries 
and of these people 25 of the killed and 
13,967 of the injured were railway serv ints. 
It is shown that 49-5 per cent of the train 
accidents during the year were caused by 
human failure on the part of the oper iting 
staff, and technical defects were resporsible 
for 11-5 per cent of the total. The total of 
211 fatalities in all movements by rai! —or 
0-5 per million train-miles—is the lowes. yet 
recorded, and, as already mentioned. no 
passenger was killed in a train accident di:ring 
the year. In his conclusion to the report, 
Lieut.-Colonel Wilson speaks of the British 
Transport Commission’s modernisation plan, 
which provides for the introduction of more 
technical equipment to prevent human error, 
and says that the future for railway safety is 
promising. 





Annual Dinner of the Institution of 
Production Engineers 


More than 500 members and guests were 
present at the annual dinner of the Institution 
of Production Engineers, which was held in 
London on Wednesday, October 12th. In 
proposing the principal toast of the evening, 
which welcomed the guests, Sir Leonard 
Lord, the president of the Institution, spoke 
of the difficulties in getting machines of 
advanced design made in this country. He 
pointed out that to get many high-production, 
special-purpose and high-precision machines 
manufacturers had to go abroad, and he 
criticised the British machine tool industry 
for not keeping abreast with modern require- 
ments for these classes of machines. Upon 
production engineers and scientists the future 
welfare of this country largely depended, 
said Sir Leonard, and it was necessary for 
us to produce and sell to people what they 
wanted at prices which they could afford to 
pay. If prices got too high industry must 
look to its overheads as well as to production 
costs, for all too frequently it was in over- 
heads that economies could be made. He 
considered that our sense of proportion had 
been lost in automation, and more attention 
should be paid to the savings which could 
be effected in individual machines rather 
than high production, multi-operation, 
special machines. In his response to the 
toast, Sir Brian Robertson, chairman of the 
British Transport Commission, spoke of the 
considerable amount of manufacture and 
repair work with which the Commission was 
concerned. In this work some 80,000 men 
were employed and the value of the work of 
the production engineer was fully recognised. 
Productivity had to be increased on the rail- 
ways by improving equipment and the way 
it was being used in order to overcome the 
shortage of manpower and to promote eco- 
nomies. He congratulated the Institution 
on the work which was being done to secure 
greater productivity, and gave an assurance 
that nationalised transport would do all it 
could to keep in step. 





British Standards Institution 


All British Standard Specifications can be obtained from the 
Sales Department of the Institution at 2, Park Street, London, W.1. 
FIBRE CORES FOR WIRE ROPES 

No. 525.1955. Price 3s. This standard was first 
published in December, 1933, and has recently been 
revised in the light of the technical information avail- 
able under present conditions. The standard covers a 
range of fibre cores of manila (Abaca), phormium 
tenax, sisal, hemp and jute, suitable for wire ropes }in 
to 4in circumference for cranes, lifts and hoists, ship- 
ping, oil-wells and collieries. The limits of applica- 
tion and grade of fibre are stated, and sizes are given. 
Requirements for preservation and lubrication are 
specified, chemical and physical properties are stated, 
and tests are described. 
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Autoclave for Metal-to-Metal 
Bonding of Aircraft Components 


PARTICULARS have been received from Foster 
Yates and Thom, Ltd., Blackburn, of an auto- 
clave designed and built by the firm for use in 
the metal-to-metal bonding process for the 
manufacture of aircraft components. The firm 
points out that the increasing use of metal-to- 
metal bonding in the aircraft and allied industries, 
bringing in a greater variety of contours 
and sections, has complicated very con- 
siderably the use of press techniques, involving 
as it does, jigs with dimensional and profile 
limitations. It was felt that the same principle 
of pressure, allied to heat, as used in a press, 
could be successfully employed in an autoclave 
to produce a metal-to-metal bond, with all the 
physical properties of a press-produced adhesion. 
At the same time an autoclave would allow a 
far greater area to be processed at one operation, 
with a much wider field in respect of design. 

The autoclave was designed and built for the 
bonding by ‘“‘ Redux” or similar adhesives, of 
sections making up wing, fuselage and tail 
assemblies, together with partitions within the 
aircraft. The autoclave can be seen in the 
illustration on this page. In operation, the 
parts to be bonded are placed in jigs which are 
mounted on bogies, or suspended from a mono- 
rail, and a flat rubber diaphragm is clamped 
over the whole assembly. Air is then exhausted 
from under the rubber diaphragm, leaving the 
assembly in vacuum with the covering conforming 
exactly to the contour of the jigged component. 
The assembly is placed in the vessel, which is 
then charged with compressed air to a pre- 
determined pressure, and the temperature raised. 
The assembly remains under heat and pressure 
in the autoclave for a given cycle, automatically 
controlled, and the heat is circulated within the 
vessel by a fan and internal ducting. On 
completion of the curing period, temperature 
and pressure is reduced and the assembly 
removed from the vessel. 

The working capacity of the vessel, which has 
an overall length of 45ft 9in and an outside dia- 
meter of 9ft 2in, is 1760 cubic feet. It comprises 
an outer shell, around the internal surface of 
which are mounted steam-heating elements, and 
an inner shell or ducting forming a working 
chamber 35ft long by 8ft in diameter. At each 
end of the autoclave there is a quick-acting, 
boltless door operated by a pneumatic cylinder. 
On one of these doors, to be seen in our second 
illustration, there is mounted an axial fan driven 
by an external motor. By this fan, air is drawn 
from the working space and forced between the 
door of the vessel and a shield which is fitted 
over the fan-end door. It is then distributed 
over the heating elements and forced along the 
passage formed between the outer shell and the 
inner shell or ducting, finally impinging upon 
the dished end of the opposite door, to pass over 
the work load and recommence circulation. The 
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Autoclave with door open and inner shell removed to show the heating elements 
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jigged assemblies are fed into one end of the 
vessel and withdrawn from the other on com- 
pletion of bonding. 

The autoclave is heated by a positive circula- 
tion of steam which enters the heating elements 
at points along the top of the outer shell, 
and drains to steam traps from an equal number 
of points along the lower part of the shell. 

Control of steam, and consequent heating, is 
effected by a controlling thermocouple situated 
in the shell of the autoclave. The iron-constantan 
thermocouple used is one of the resistances of a 





Pneumatically-operated, quick-acting, boltless door 
incorporating fan for circulating compressed air 


Wheatstone Bridge which, in turn, controls a 
diaphragm-operated valve, regulating the steam 
flow. The ultimate working pressure is achieved 
by means of a combination of heat and a pre- 
determined air pressure, the air being compressed 
to the required degree, and final pressure being 
built up by the heating elements. The working 
pressure of the autoclave is maintained by a 
diaphragm-operated valve in the air supply line. 
At the completion of the curing operation the 
steam and air services are shut off. The auto- 
clave is then cooled by the circulation of water, 
using the heating elements as cooling banks. 

The autoclave is provided with four vacuum 
gauges which are connected to points in the 
shell. Any one of these gauges can be isolated, 
so that the vacuum can be ascertained beneath 
any particular rubber diaphragm. A pressure 
gauge shows the air pressure within the vessel. 
An instrument panel carries air and temperature 
recording and controlling potentiometers, stop, 


‘ collector, an exhaust fan, ventilating hoods, and 
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start, reset buttons, process timer and audible 
warning alarm, to indicate the stages in the 
curing cycle. The temperature is recorded at 
eight points around the shell by thermocouples. 

The autoclave is fitted with a safety valve and 
safety interlocks are fitted to each door so that 
when the interlock is lifted the pressure within 
the autoclave is automatically released to 
atmosphere. Unless the interlock is sess § home, 
air pressure cannot be raised in the vessel. 


















Air and Gas Cleaning Equipment 


A RECENT addition to the plant made by W. C. 
Holmes and Co., Ltd., Turnbridge, Huddersfield, 
is equipment of the Schneible ‘ multi-wash ”’ 
design for collecting and cleaning dust-laden air 
and other gases. The equipment for a standard 
system of this design includes a “ multi-wash ” 










piping to carry the material collected to the place 
of disposal. According to the size of the plant, 
the standard cleaning units are used singly or 
arranged in groups. 

The general arrangement of one of the collectors 
used in the system can be seen in the illustration 
below. It consists of a cylindrical tower with a 
coned base, which is fabricated in a metal plate, 
such as mild steel, stainless steel, copper, &c., 
suited to the nature of the dust and fumes to be 
handled. A number of shelves within the tower 
carry what are termed “ impingement ”’ stages, 
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Arrangement of ‘‘ Multi-Wash ”’ collector in which a 
swirling motion is imparted to dust or fume-laden 
air as it passes up between plates and curved vanes 

through a descending flow of liquid 













each stage consisting of a horizontal disc from 
which is suspended a number of curved vanes or 
baffles. Above these impingement stages is an 
“* entrainment ”’ separator of similar construction 
and below them a vaneless impingement plate. 

Air laden with dust or fumes enters the tower 
tangentially through a duct situated just above the 
coned base and below the vaneless impingement 
plate. The spiral motion of the air thus induced 
is maintained by the curved vanes at each stage 
as it rises through the tower. The coned lower 
section of the tower serves as an initial wet 
cyclone, in which the heavier particles of dust are 
collected as soon as they enter. 

A washing agent, usually water, is introduced 
into the tower above the centre of the top 
impingement plate. The water gravitates down- 
wards against the upward flow of the rapidly 
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rotating air current. The rotary motion of the 
ascending air sets up a similar motion in the 
descending water, causing it to be cascaded 
evenly over the discs, vanes, shelves, and side 
walls of the collector. Liquid forced off the 
edges of the discs and shelves by the current 
of air form a heavy finely divided water 
curtain, through which the air must pass. This 
combination of water curtain, spray and 
impingement envelops the particles of dust in 
the air and carries them down into the cone, 
whence they are removed through the disposal 
duct. 

The clean air, having been washed by the turbu- 
lent scrubbing action imparted in passing under 
and over the shelves and between the vanes, 
passes up through the entrainment separator at the 
top before being drawn from the tower through 
an outlet duct. In the entrainment separator the 
air is freed of any excess moisture, which drips 
down on to the top impingement plate, where it 
merges with the incoming liquid. The constant 
change in direction of the upflowing air stream 
and its effect in creating turbulent action in the 
liquid serves to keep the collector surfaces clean. 

The collectors are made in a number of sizes 
with capacities of 1000 to 40,000 cubic feet per 
minute and can be arranged in multiple units to 
suit particular applications. They are suitable 
for removing dust, fumes, vapours, and the like 
from air, or solid or liquid contaminants from 
gases. Different types of inlets are available to 
suit the collectors for special duties or con- 
ditions, and the ancillary plant available includes 
recirculating, settling and dewatering equipment 
and tanks, as well as dust and fume hoods for 
various applications. 





** One-Shot ”’ Primary Cells for 
Radio Sonde Balloons 


A NEw cell designed to operate without 
spilling electrolyte, at the greatly reduced atmo- 
spheric pressures met in stratospheric flight, has 
been produced by Chloride Batteries, Ltd., 
Swinton, Manchester. It is the Exide “ Z2H11” 
“* one-shot ” primary cell and was developed by 
the manufacturer in collaboration with the 
Ministry of Supply. A battery of three of these 
cells, installed as shown in the accompanying 
illustration, provides enough power at 6:75V 
for the metering and telecommunication circuits 
of the Radar Sonde Mark III meteorological 
balloon. 

The cell uses a lead peroxide/zinc couple, the 
lead peroxide constituting the positive electrode. 
The electrolyte is sulphuric acid of 1-27 specific 


Radar Sonde Mark III meteorological balloon fitted with three Exide 
Z2H11 cells in polystyrene containers 
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gravity at 60 deg. Fah., with other salts and 
compounds to assist rapid activation and the 
delivery of a constant potential output during 
discharge. In its basic construction the cell 
element is similar to that of the normal lead acid 
battery. The fully-charged positive plates of 
standard Exide design and the negative plates, 
fabricated from pure zinc sheet, are separated by 
resin-bonded glass wool. This cell element is 
assembled in a moulded high-impact polystyrene 
container to which is cemented a polystyrene lid. 
The terminal pillars pass through holes in the 
lid and are sealed to it by rubber washers held 
by synthetic resin. 

A screw plug in the lid allows for priming and 
an integrally-moulded vent hole and shielding 
skirt is provided for gases generated during 
discharge. A splash guard above the element 
prevents spillage or a large-scale movement of 
electrolyte swamping the ventilating system. 
Vertical lugs moulded on each end of the cell 
container are located in suitable slots in the 
Radar Sonde chassis. The filling plug and vent 
hole are sealed to prevent the ingress of moisture 
after the battery is dispatched from Exide works 
and the cell itself is hermetically sealed in a 
protective polythene envelope. In this way its 
“* dry charge ’’ characteristics are retained for an 
indefinite period of storage. The cells are 
primed with electrolyte shortly before the balloon 
take-off. 

Each cell weighs about 94 oz dry and 134 oz 
primed and is 1%/,,in wide by 33in long by 4°/,,¢in 
high. Primed cells can stand idle from fifteen 
minutes to seven hours yet still discharge through 
a fixed resistor of 0-88 ohms for a period of not 
less than two hours to a final minimum voltage 
of 2:25V. This discharge is in an ambient tem- 
perature of approximately 70 deg. Fah. and 
with the atmospheric pressure reduced pro- 
gressively during discharge to simulate flight 
conditions. 





Internal Grinding Machine 


AN internal grinding machine now being made 
by Rudkin and Riley, Ltd., Aylestone, Leicester, 
is designed for small and medium toolroom or 
general production work. This machine, illus- 
trated herewith, is capable of grinding internal 
diameters up to 34in and external work up to 3in 
diameter by 7in long. 

The workhead, which incorporates cross- 
traverse micro-feed, can be swivelled to grind 
tapered workpieces up to 30 deg. inclusive on the 
standard machine, and up to 120 deg. with 
modified workhead where required. A slide 
bar in the workhead 
carries the diamond tool 
for dressing the grind- 
ing wheel, and also acts 
as a steady when grind- 
ing work between 
centres. 

The grinding. spindle 
unit on the grinding 
carriage can be reversed 
to offset the grinding 
spindle 24in to allow 
for external grinding in 
conjunction with a sup- 
port for centred work- 
pieces extending from 
the slide bar. 

The workhead has 
four speeds of 150, 200, 
300 and 400 r.p.m., and 
the grinding wheel spin- 
dle is driven by an inde- 
pendent motor giving 
alternative speeds of 
20,000 and 30,000 r.p.m. 
for internal grinding, and 
10,000 r.p.m. for ex- 
ternal grinding purposes. 
The machine is fitted with 
automatic reciprocating 
traverse of the grinding 
carriage, giving an ad- 
justable stroke of 4in 
maximum. This reci- 
procating mechanism is 
driven from a separately 
controlled 4 h.p. motor 
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Grinding machine for internal work up to 34in bore 
and external work up to 3in diameter 


and is adjustable for the required length of 
stroke. An alternative hand-operating arrange- 
ment is fitted with an adjustable sop and manual 
grinding allows an additional 2in grinding length 
to give a total of 6in. 

By the application of a new lap developed by 
the makers, ground bores can be lapped to a 
fine finish immediately after grinding, by sub- 
Stituting the lap for the grinding wheel, and 
without removing the workpiece from the 
machine. 





Air-Operated Hydraulic Pump 


A NEW model of the “ Airhydropump,”’ made 
by Charles S. Maddan and Co., Ltd., Altrincham, 
Cheshire, is designed for operation by compressed 
air up to 100 Ib per square inch, and it delivers 
hydraulic fluid at pressures up to 10,000 Ib per 
square inch. The pump is an intensifier, its 
basic components comprising a. double-acting 
air cylinder, the piston of which is coupled to a 
solid ram extending into a hydraulic cylinder 
fitted with inlet and delivery valves for the liquid 
to be pumped. The pumping action results from 
the displacement caused by the solid ram being 
forced into the hydraulic cylinder by the piston. 
As the air piston is of larger area than the ram, a 
proportionately increased pressure is produced 
in the hydraulic cylinder. 

A pump will operate as long as the total load 


Air-operated hydraulic pump for delivering fluid at 
up to 10,000 lb per square inch using a compressed 
air supply up to 100 lb per square inch 
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in the hydraulic cylinder is less than that in the 
air cylinder, but will come to rest when the 
hydraulic pressure builds up so that these loads 
are equal, At this point the pressure is main- 
tained and no air is used, until the balance is 
disturbed and the pump restarts, 

Valves are provided to reverse the direction 
of the air piston at each end of the stroke, and 
a hand-operated valve is used to vary the air 
pressure, by which means the pump’s range of 
output pressure is adjusted. 

One of the new pumps, which are made in six 
models, to cover the overall hydraulic pressure 
range from 100 1b to 10,000 lb per square inch, 
is illustrated on page 594, The parts are made in 
non-corrodible materials and the pumps can be 
used with either oil or water. These pumps 
weigh only 1641b each and have a length of 
12in with a diameter of 34in. 





Medium-Speed Diesel Package Unit 


At a recent demonstration held at the works of 
The Oil Well Engineering Company, Ltd., 
Cheadle Heath, a new medium-speed, high power 
package unit, destined for use in the Lobitos oil- 
fields, was introduced. The unit, which has been 
designed to give compactness with accessibility for 
inspection and maintenance, is powered by an 
English Electric Mark V/RK four-stroke, single- 
acting trunk piston engine. This engine has 
eight cylinders, arranged in vee formation at an 
included angle of 45 deg., having a bore of 10in 
by 12in stroke, and is arranged to run at 800 
r.p.m. to develop a continuous output of 495 
b.h.p., although it has a normal rating of 647 
b.h.p. at 850 r.p.m. 

A Vulcan Sinclair, size 36, “ SCR5,” scoop 
control fluid coupling fitted with centri- 
fugal quick-emptying valves, is coupled to the 
engine flywheel through a stub shaft. Power is 
transmitted from this coupling through an 
internal gear pattern oil lubricated flexible 
coupling supplied by Crofts Engineering, Ltd. 
Engine and coupling are directly mounted on a 
fabricated skid pattern underframe and a Serck 
radiator, mounted at the free end of the package 
unit, cools both the engine cooling water and 
the lubricating oil. A belt-driven fan provides 
forced draught for cooling the radiator, which 
has hand-operated shutters ; the oil and cooling 
water pumps are gear driven from the free end 
of the engine crankshaft. Water, air and fuel 


oil connections are located on a panel beneath 
the radiator. Vokes filters are incorporated in 


Medium speed diesel package unit 
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Resonance vibrating screen 


the air induction system and the lubricating oil 
circuit. 

The power unit drives an ‘“ Ideal-Oweco” 
** 350” slush pump mounted on the main frame 
and is of duplex double-acting design, having a 
bore of 73in and a stroke of 18in. A 14in pitch 
quadruple-drive chain running in an oil bath is 
employed and the pump gives a maximum fluid 
pressure when operating at 3000 Ib per square 
inch. During tests the equipment was run with 
6zin diameter liners for nine hours at varying 
fluid end pressures up to 1200 lb per square inch, 
at which pressure the power unit was fully 
loaded. 





Vibrating Screens 


AT the Fuel Efficiency Exhibition in Man- 
chester West’s Gas Improvement Company, Ltd., 
Miles Platting, Manchester, is exhibiting for the 
first time one of the “ Flamrich”’ resonance 
vibrating screens the firm is now making under 
licence in this country. This design of screen 
was primarily developed on the Continent for 
high-capacity screening of coal and coke, but 
it is also stated to have many applications in 
the grading of bulk materials and to be suitable 
for duties from coarse scalping to fine sizing and 
dewatering. The capacities of the screen units 










































vary, naturally, with the material being handled, 
and the mesh, and they range in the order of 250 
tons per hour in the case of coal and 150 tons per 
hour in the case of coke. 

These resonance screens operate at or near 
their own natural or resonant frequency, the 
energy of movement being stored at the end of 
each stroke in rubber buffers distributed along 
the length of a screen. On the return movement 
the buffers release the energy they store and, 
as a result, the power required is only that 
necessary to make up frictional losses. The 
strokes generally vary from jin to 1jin, with 
speeds up to 1100 r.p.m. 

The general construction of a typical screen 
can be seen in the accompanying illustration. 
It consists of a vibrating screen frame supported 
on laths on a balancing or base frame. The drive 
consists of a motor-driven eccentric. and a soft 
rubber buffer is interposed between the connect- 
ing rod of the drive and the frame of the vibrating 
screen. This inclusion of a soft rubber buffer 
in the drive permits the adjustment over a wide 
range of the amplitude of the system with a 
standard eccentric. The vibration of the lath- 
supported vibrating frame is limited at each end 
of its movement by a series of working buffers 
distributed along the length of the frame. 

Each buffer consists essentially of a base 
which is mounted on an angle bracket on the 
base frame of the assembly and has spaced on 
columns above it a head plate. Soft rubber 
buffer pads are fitted on the inner working faces 
of the base and head plate. Buffer blocks 
attached to the screen frame register in the 
spaces between the buffer pads, and the gaps 
between the tops and bottoms of these blocks 
and the rubber buffer pads are adjustable. By 
the simple adjustment of these gaps the amplitude 
of the vibrating screen frame can be controlled 
and varied as desired to suit materials and 
conditions. The makers point out that the 
introduction of gaps is an important departure 
from the original design of resonance screen and 
enables the screen to be independent of all 
except the most severe variations of feed. 

The balancing or base frame is three to five 
times the weight of the vibrating frame and, 
therefore, swings at only one-third to one-fifth 
of the vibrating frame’s amplitude. It is sup- 
ported on rubber columns or shock absorbers 
with no metal-to-metal connection to the sup- 
porting structure and it is thus free to vibrate 
without transmitting any vibration to the sup- 
porting structure. 








AUTOMOTIVE DigsEL CONVERSION.—The Turner 
Manufacturing Company, Ltd., Villiers Street, 
Wolverhampton, has published in booklet form 
extracts from the reports of the leader of its 
‘Operation Enterprise,” a 10,000-mile drive in a 
Land-Rover with a three-cylinder “ L.60°’ Turner 
diesel engine from Wolverhampton to Nairobi. The 
vehicle was shipped from Dover to Boulogne and 
from Gibraltar to Tangier : a diversion was made to 
Madrid to demonstrate the vehicle to General Franco, 
A separate leaflet discusses the technical difficulties 
of converting an existing vehicle to accept either two 
or three-cylinder Turner two-stroke engines. 
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Continental Engineering News 


Centetiary of E.T.H. 


On October 15-i6th, the Eidgenbs- 
sische Technische Hochschule in Ziirich cele- 
brated the centenary of its formal opening: The 
beginnings of the “ Polytechnic,” as it was then 
called, go back to 1798; but for iiany years no 
progress was made owing to wars ahd internal 
dissensions: It was not iintil September 12, 1848, 
that the Government was “ empowered,” under 
the revised constitution,“ to éstablish a university 
and a polytechnic school,” although it was not 
compelled to do so. Proposals for these insti= 
tutions were made by Alfred Escher in ¢o-opera- 
tion with the rector of the Ziirich Industrial 
School, v. Deschwanden, as well as by Dufour, 
Merian and Moschard. Escher’s plans for the 
polytechnic, which were the onés eventually 
accepted, provided for instruction in civil and 
mechanical engineering, and in chemistry. Fees 
were to be low and those unable to afford them 
were to be admitted free and receive financial 
assistance. There was to be an annual federal 
contribution of 4000 francs and a fund of up to 
2,000,000 francs was to be accumulated from 
budget surpluses and donations. The annual 
expenditure was to be 80,000 francs, and there 
were to be ten professors, compared with eighty- 
three professors at the university, which was to 
have a budget of 400,000 francs. 

Subsequently a new draft was prepared by 
K. Kappeler, the spokesman of the commission 
appointed to look into the matter. This draft 
extended the scope of the polytechnic to include 
the teaching of all branches of civil engineering, 
industrial mechanics, and chemistry, both from 
the theoretical and the practical point of view. 
Later, philosophy and economics were added, 
together with modern languages, natural sciences 
and mathematics, political history, and history of 
art, Swiss constitutional law and economics, and 
forestry. 

While: proposals for the federal university 
were rejected, those for the polytechnic were 
eventually approved on February 7, 1854, 
Ziirich being chosen as the seat of the proposed 
establishment. Its constitution and budget was 
finally approved by the Bundesrat on July 31, 
1854. The regulations provided for yet another 
subject, pharmacy. There were to be thirty-two 
professors, together with a number of assistant 
lecturers. The task of co-ordinating the work was 
to be in the hands of a director, aided by a 
number of departmental heads, chosen from 
amongst the professors. Overall control was to 
be exercised by a council responsible to the 
Government. The thirty-two professors were 
to receive annual salaries totalling 103,000 
francs, while 70,000 francs were to cover all 
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other salaries and expenditure. Receipts weré 
to be 150,000 francs a year from the Federation, 
plus 16,000 francs from Ziirich and 7700 francs 
rom fees. The latter were subsequently reduced 
from 80 francs per annum for each student to 
50 francs. An initial sum was granted to the 
polytechnic, amounting to 140,000 francs. In 
the first year of its existence the polytechnic had 
in its six departments sévénty-one regular students 
and 160 studénts hot réading for a diplonia, 
thirty ordinary proféssots, six associate pro- 
sors, and niné lecturers. 

To-day the Eidgen@ssische Technische Hoch- 
schule—the name was changed in 1911—has 
twelve sections, devotéd respéctively to archi- 
tecture, civil, mechanical and électrical éngineer- 
ing, chemistry and metallurgy, forestry, agricul- 
ture, rural engineering and surveying, mathe- 
matics and physics, natural sciences, military 
science, and general philosophic and scientific 
optional subjects. There is a staff of 108 pro- 
fessors, 174 lecturers and 237 assistants. Fifty- 
four reséarch stations, institutes and laboratories 
belong to E.T.H., and eight other important 
research establishments are more or less closely 
associated with it. The number of students 
fluctuates from year to year : in 1947-48 a peak 
of 4141 students was reached, of whom nearly 
22 per cent came from abroad, while at present 
there are some 2700 students, of whom about 400 
are foreigners. 

Much of the early teaching was on very rigid 
lines. In 1864 this led to open conflict between 
the students and the authorities, and as a result 
nearly half of the total of some 500 students 
left the polytechnic, the number, however, 
soon being made up by new entrants. Nowadays 
the teaching of engineering subjects is based on 
so-called standard courses, while in mathematics 
and the natural sciences there is substantial 
freedom of study, as at a university. Great 
emphasis is laid upon research. The expansion 
which has taken place within the last century is 
well illustrated by comparing the original budget 
with that for 1955, which makes provision for an 
expenditure (excluding associated institutes) of 
11-2 million francs, against an income of 1-6 
million francs. Only about one-third of the sum 
spent on research comes from the budget, the 
remainder, amounting to 800,000 francs to 
1,000,000 francs per year, comes from private 
donations, research foundations, and substantial 
contributions from industry. 


Plastic Petrol Tanker 


A 1364-gallon petrol tanker weighing 
only 4 tons 16 cwt 1 qr. unladen has been pro- 
duced in Sweden for A.B. Svenska Shell on an 
imported “‘ Comet” chassis made by Leyland 
Motors, Ltd., Leyland, Lancs. The vehicle 


The tank and cab of this 1364-gallon petrol tanker consist of glass-fibre reinforced polyester resin. The 
standard chassis has a 15ft 3in wheelbase 
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showii if the accompanying photograph w. 
built by A.B. Malmé Flygindustri, a subsidiary 
of Forenade Bil, which is the Leyland agent for 
Sweden. In the consttuction of the 14ft ‘ong 
tank and the back, roof and doors of the cab, g 
cold-setting polyester resin was used in combina. 
tion with glass-fibre cloth and chopped ¢lagg 
stair mat. According to the makers, the material 
has the same strength as steel but has a specific 
gravity of only 1:7. The tank is built from :wo 
semi-elliptical sections for the shell, with six 
elliptical and slightly domed pieces which were 
uséd for the ends and as partitions, dividing the 
tank into three separate compartments of 
264,440 and 660 gallon capacity. Two wooden 
motilds were employed in the production of 
thesé eight parts, which were then joined with 
polyester resin. Three inspection and fuelling 
manholes were cut into the top of the compleied 
tank and fuel lines and cocks fitted at the bottom 
and at the back. 


German Light Precision Industries in 1955 
According to the annual report for the 
year 1954/55 of the Verband der Deutschen 
Feinmechanischen und Optischen Industrie, e.V., 
production in the sector represented by the 
Verband amounted to over 802 million D.M., 
of which photographic and kinematographic 
apparatus accounted for D.M. 227-3 million, 
watches and clocks D.M. 213-9, precision instru- 
ments D.M. 189-1, optical instruments and 
equipment D.M. 91-6, medical equipment D.M. 
48-5, repairs D.M. 8-3 million, and miscellaneous 
products D.M. 23-4 million. The total value 
for the half-year compares with D.M. 1454 
million for the whole of 1954. Employment 
increased from nearly 109,000 at the beginning 
of 1954 to over 128,000 at the end of June, 1955, 
Future progress, it is considered, cannot come 
from an increase in laid-down capacity, which 
has reached its peak, but from better productivity 
both in the factory and in distribution improved 
training schemes and more research. While 
production has doubled since 1938, productivity 
has increased by only 23 per cent. Prices have 
remained fairly steady in spite of increases in 
the cost of basic materials. Compared with 
1938 = 100, the price index for the first six months 
of this year remained at the 1954 value of 180, 
compared with about 162 for 1950. 


Swedish Flotation Process 


A method for the separation of ores by 
flotation has been developed at Stripa Mines, 
Guldsmeds Hyttan, Central Sweden, and is now 
being used commercially at four other Swedish 
mines. Instead of employing a suspension 
medium, a bed of settled granular particles is 
used in a shaking trough, through which it 
moves forward. The mixture contains about 
60 per cent of particles, the rest being water, 
filling the interstices, as against 40 per cent of 
solids in a suspension medium. In this way it 
has been possible to raise the specific gravity 
from about 2-6 to 3:4. The separation is per- 
formed in the trough where those components 
of the crude ore which are heavier than the 
medium sink to the bottom, while lighter ones 
rise to the top. Inserted in the discharge end of 
the trough is a separating plate, by means of 
which the flow is divided into an upper and a 
lower layer. The two layers are discharged on 
to the two halves of a washing screen, which is 
divided longitudinally by a vertical plate. While 
the float and sink products are retained, the bed 
medium passes through the screen and is returned 
by a rubber-lined centrifugal pump. 

Tests were carried out for two years at Stripa 
by Mr. Jonas Suensson, the inventor of the 
process. In these trials a large number of iron 
ores are stated to have been used, as well as 
manganese and chromite and copper-bearing 
ores. 

At one of the mines which have installed the 
equipment, the State-owned AB _ Statsgruvor, 
Norberg, experience over the last year is said to 
have shown that the iron content of dressed ore 
has increased from 43 to 48 per cent, while that 
of the tailings has decreased from 17 to 11 per 
cent. The capacity of the trough at Norberg 
is about 40 tons per hour. Net loss of dressing 
medium is stated to be about 0-8 Ib of dry bed 
material per ton of feed. 
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Indian Engineering News 
BY OUR INDIAN CORRESPONDENT 


Electrification on Eastern Railway 


The population of Calcutta has more 
than doubled since 1931, necessitating a radical 
reorganisation of its transport system whose 
capacity has remained almost stationary since 
the end of the war. Calcutta itself has now a 

pulation of over 3,000,000, the suburban 
towns about 1-8 million, and the rural and urban 
areas around the city over 6,000,000, bringing 
the total to well over 10,000,000. The existing 
train services, according to a report of an 
investigation commitcee, “ fall woefully below 
the requirements of the traffic.” The committee 
has found that traffic conditions in and around 
Calcutta are such that “ for any traffic density 
in excess Of 4-23 million trailing ton-miles per 
running track mile per annum on a double-track 
route, electric traction is more economical than 
steam.” In and around suburbs, this density 
works out at about ten—that is, almost two and a 
half times the critical figure—and for the main 
lines connecting Calcutta to such industrial 
towns as Asansol, Gomoh, Gaya and Mogalsarai, 
the figure is well over fifteen. It has therefore 
been decided to electrify the railway serving the 
suburban areas, to provide a new circular railway 
round the city, and to electrify the main line 
portion between Burdwan and Mogalsarai. 
The total cost of this electrification programme 
is expected to be Rs.77-19 crores (about 
£58,000,000), of which Rs.61-38 crores will be 
spent abroad on the purchase of materials and 
services. 

Covering a total of 2190 track miles, the project 
which has now been taken in hand, is divided 
into a number of sections. The work on each 
section is complete by itself and can be taken up 
independently of others. The electrification of 
the section Howrah-Burdwan via Bandel and 
the Tarakeshwar Branch, which has already 
been sanctioned at an estimated cost of Rs.11-85 
crores (£9,000,000), covers a length of 262 track 
miles. The civil engineering works on the section 
are already in progress and tendering for electrical 
equipment, rolling stock, &c., is in progress. A 
substantial proportion of the amount required 
for electrification will have to be in foreign 
exchange because the electric locomotives, sub- 
station and overhead equipment have mostly 
to be imported from abroad. The suburban 
electrification will be on 3000V, d.c. system, 
but although the same system has also been 
adopted for the main line, no difficulty will be 
anticipated, it is said, if the system is switched 
over to 25kV, 50 c/s, single-phase a.c. The power 
supply for the entire programme is to be from 
the Damodar Valley grid, whose transmission 
lines run parallel to the railway lines. The 
following table gives details of electrical equip- 
ment required and the budgeted cost :— 
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project is finalised and a start made on actual 
construction. The period envisaged for the 
completion of the project is said to be a clear 
four years from the date the contract is signed. 
The site of the project will be selected after 
discussions with the consortium, but Durgapur, 
in West Bengal, and Sindri or Bokaro, in Bihar, 
within the Damodar Valley area, are being 
mentioned as likely locations. The report itself 
is understood to have recommended Durgapur. 

Meanwhile, all the other existing steel works 
have announced their plans for expansion and 
modernisation involving an expenditure of about 
Rs.100 crores to increase their capacities by 
about a million tons per year. The modernisa- 
tion programme at the Tata steel works in 
Jamshedpur has been under way for some 
years now but the expansion plans are held up 
through lack of finances for which an approach 
has been made to the World Bank. The antici- 
pated production of saleable steel after the 
completion of the approved expansion pro- 
grammes of the existing steel units and the 
establishment of the new Government plants 
will be as below. 


(1) Tata Iron and Steel Company, Ltd. 
(2) Indian Iron and Steel Company, Ltd. 
(3) Mysore Iron and Steel Works 

(4) Rourkela Steel Plant / 

(5) Bhilai Steel Plant... 

(6) British Steel Plant ... 


1,500,000 tons per year 
800,000 tons per year 
100,000 tons per year 
720,000 tons per year 
750,000 tons per year 
750,000 tons per year 





4,620,000 tons per year 


Last year the production was 1,243,200 tons 
and the imports totalled 330,000 tons. 


Road Development 


At the nineteenth session of the Indian 
Roads’ Congress, held recently at Srinagar, 
Kashmir, it was announced that Rs.350 crores 
(£260 million) had been provided by the Planning 
Commission for a five-year road development 
programme of which about Rs.125 crores will be 
spent directly by the Centre on national highways 
and the rest by the states on internal roads. This 
is more than twice the amount spent so far in the 
first five-year plan and is expected to raise the 
total mileage of hard-surfaced roads to 123,000 
miles and earthen roads to about 200,000 miles. 
A good deal of the amount will be spent on 
bridges, particularly across major rivers, almost 
all of which have to be newly bridged. The 
rivers, especially the alluvial ones in the north, 
present difficult problems with their meandering 
courses and flood rises of over 100ft. Seventy- 
five major bridges on national highways and 
about 200 minor ones in states have been included 
in the plan. A start has already been made and 
work on the bridges on the Ganga and the Katjuri 
near Cuttack is reported to be progressing well. 
In Kashmir itself, considerable progress has 
been made since the state’s accession to India. 
One important project is the Bannihal tunnel 
through the Pir Panjal range at an altitude of 
7300ft, which is more or less the snowline. At 























Lines | Miles No. of No. of No. of electric Gross outlay, 
| substations rectifiers locomotives crores, Rs. 

(a) Suburban, five sections 898 31 1—3500kW 77 45-11 
14—3000kW 
25—2500kW 
18—2000kW 

(6) Circular, one section... ...  ... See 25 1 1—-2500kW = 6-32 

(c) Main, two sections ... ... ... 9... 964 30 32—3000kW 109 25-76 
10—2500kW 

UN aha sicrayed Sd ices “igh eh toe 62 | 1—3500kW on 77-19 
46—3000kW 
36—2500kW 
18—2000kW 























Steel Plant for India 

The Government of India has recently 
approved a project report of the British Steel 
Mission which visited the country a few months 
ago and which has now recommended the 
setting-up of a steel plant with an annual capacity 
of 750,000 tons of saleable steel and 300,000 tons 
of pig iron. The plant is estimated to cost 
Rs.105 crores (about £80,000,000), a good 
Proportion of which will be in the nature of 
British investment by a consortium of indus- 
trialists interested in the project. The report is 
now under study in New Delhi and will be further 
subjected to critical examination by the Govern- 
ment’s technical advisers. It is understood that 
it will be another six months or so before the 


present the Jammu-Srinagar—Uri road, the main 
highway connecting the state to the mainland, 
crosses the Pir Banjal at an altitude of about 
9000ft, and this part of the road remains snow- 
bound for four months in the year. The tunnel 
will be over 14 miles long. It is a two-tube 
tunnel, ventilated by forced - longitudinal 
ventilation. The tunnel will cost Rs.3 crores. 
It will be completed in about three years. 

An interesting paper read at the congress 
gave a comparative analysis of cost of operation 
on good and inferior roads. The running time 
on the Nadiad—Dakor road, with a route distance 
of 22-3 miles, was 13 hours before concreting. 
It has been possible to bring it down to 14 hours, 
a saving of about 30 per cent. The cost of 
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operation of a vehicle on a “ bad ”’ road (water- 
bound macadam) was 168-40 pies per mile 
(15-75d.), which was reduced to 121-86 pies 
(11-42d.). The breakdown of cost was as follows 


for the two roads :— 
Cost of operation per mile : 
on waterboun: on concrete 





Item macadam road 

ies ies 

1. Fuel (diesel) bie -sueil | ee ee cece: 
py ee ae | LR Oe 
i eee ee a: le 
ee are rere 
ly Re ae 
6. Maintenance staff ... ... 21°78 ... 16-40 
7. Insurance, taxes and interest 28-12 21-09 
8. Depreciation ... ... ... 27°22 . 20°42 
Total ... .- 168-40 ... ... 121-86 


The tests were carried out by the Bombay 
Transport under controlled conditions during 
the period June, 1952, to May, 1953. The 
concreting cost Rs.27 lakhs, i.e. about £200,000. 
The management came to the conclusion that 
‘if savings effected in the cost of operation of 
all the transport vehicles, including private 
trucks and cars, were taken into consideration 
and the entire savings capitalised, the amount 
spent in improving the road could be made up 
within the lifetime of the road.” 





African Engineering News 
BY OUR SOUTH AFRICAN CORRESPONDENT 


Diesel-Electric Locomotive for the Rhodesian 
Railways 
The arrival of the first of twenty-three 
diesel-electric locomotives on order for the 
Rhodesia Railways has aroused exceptional 
interest. These locomotives are being constructed 
at the Preston works of the English Electric 
Company and it is anticipated that delivery will 
extend over about twelve months. The loco- 
motives will be employed mainly on the Umtali- 
Salisbury section of the railways, taking oil at 
Umtali, which is some 200 miles from the port 
of Beira. Umtali is approximately 680 miles 
from the Wankie collieries. The shorter haul 
involved in the case of oil from Beira compared 
with coal from Wankie renders the former fuel 
cheaper at Umtali, taking into account haulage 
costs and relative consumption rates. The 
diesel-electric locomotives will be ‘ homed” 
at Umtali, where a modern diesel motive power 
depot, a special fuelling installation and an electric 
repair shop have been completed. With a main 
workshop at Umtali, scheduled overhauls of the 
diesel-electrics will be undertaken there in an 
extension built on the main locomotive erecting 
shop. 

When all these diesel-electric locomotives are 
in service the Umtali—Salisbury section will be 
completely dieselised in operation, so enabling 
revision of the working timetable to ensure 
maximum utilisation of these modern units. 
Round-trip working on this section will entail 
340 miles of operation, with turnround at 
Salisbury limited only to the requirements of 
train working. The estimated trailing load for 
these locomotives working as single units is 850 
short tons on the 1 in 40 compensated ruling 
gradient. By the use of existing 1000 b.h.p. 
diesels, operating in tandem over this section, 
it has already been demonstrated that this is a 
practicable regular performance at better timings 
and utilisation than for existing steam “‘ Garratt ”’ 
type locomotives, which, incidentally, will not 
haul 850 short tons at the maximum axle loading 
admissible for the section, which is at present 
of 60 lb rail, now in process of being relaid with 
80 Ib rail. The maximum altitude on the Umtali- 
Salisbury section is 5538ft above sea level. 

The main characteristics of these locomotives 
are given in the accompanying table : 


Characteristics of Diesel Electric Locomotives 


B.h.p.: 2000 up to 500ft altitude at 850 r.p.m. 

Engine type: English Electric, sixteen-cylinder, four-stroke, 
pressure charged. 

Main generator: direct current, self-ventilated, single-bearing 
machine. 

Traction motors: six, series-wound, direct-current, force- 
ventilated machines, mounted directly on the axles and driving 
through single-reduction spur gears. 


Wheel arrangement... ... .. 1Cy-Cel 
Gauge of track a 3ft oin 
Maximum static axle load 15 long tons 


Total weight in full working order... . He. long tons 
‘an t 


Length over buffer beams 


Main truck wheel base ... ... ... 0... «2. «0 19ft 
ES SE a ae ee 
ETT ash hace. tach cap, ead) Seta... ave, 
Total wheel base .. ... 45ft 


60,300 Ib 


Tractive effort at 30 per cent true adhesion... 





THE ENGINEER 


Oct. 21, 1955 


Industrial and Labour Notes 


Steel Production and Supplies 


Statistics which were published last week by 
the Iron and Steel Board show that, in Sep- 
tember, the output of steel ingots and castings 
averaged 397,800 tons a week, which means 
that production was running at an annual rate 
of 20,683,000 tons. Over the third quarter of 
the year—which takes in the principal holiday 
weeks—steel production was at an annual rate 
of 18,190,000 tons, compared with a rate of 
16,865,000 tons in the third quarter of 1954. 
Pig iron production last month averaged 246,200 
tons a week, and was thus at an annual output 
rate of 12,804,000 tons. During the third quarter 
the annual production rate for pig iron was 
12,356,000 tons, or nearly 1,000,000 tons higher 
than in the corresponding quarter of last year. 

By the end of the third quarter, Britain’s steel 
production this year had reached a figure of 
14,623,000 tons, and the Iron and Steel Board 
Says it is expected that capacity will be available 
to maintain a high rate of output during the 
remainder of the year. There is now a prospect 
that the year’s total output may exceed the 
19,500,000 tons already forecast, and may in 
fact reach as much as 19,750,000 tons. About 
raw materials, the Board says that imports of 
iron ore have been maintained at a higher rate 
than had been thought possible, although at 
heavy expense, because of the upward movement 
in freight rates. As a result, stocks of imported 
ore, which were causing some concern a few 
months ago, are at present rather higher than 
they were a year ago. But there may be some 
difficulty during the coming winter in securing 
full supplies of imported raw materials (iron 
ore, scrap and pig iron) because of the additional 
calls on shipping for the import of other com- 
modities, especially coal. 

The Board says also that the high rate of steel 


production, together with a high rate of imports, 
has meant that steel supplies to home users 


have been higher this year than last. In the 
first quarter of this year they were 7 per cent 
higher, in the second quarter 10 per cent higher, 
and in the months of July and August were 
14 per cent higher. This, of course, has meant a 
considerable rise in the output of the metal 
goods industries. Taking the whole field of 
production of engineering goods and vehicles, 
output in the first half of this year was 12 per cent 
above the corresponding period of 1954. Imports 
of steel have increased this year, the total for 
the first eight months being 877,000 tons, a 
figure which included 116,000 tons of ingots, 
204,000 tons of semis and 308,000 tons of 
uncoated sheet. The Board estimates that 
during next year, the increasing production of 
steel from home sources should be sufficient to 
support a continuing rise in the output of the 
metal-using industries, and may well make it 
possible to reduce below this year’s level the 
tonnage of imports needed. Another point of 
importance in the Board’s statement is that 
exports of finished steel in the first eight months 
of this year totalled 1,598,000 tons, compared 
with 1,353,000 tons in the corresponding months 
of last year. 


Problems of Ship Operation 


At the annual dinner of the Society of Con- 
sulting Marine Engineers and Ship Surveyors, 
which was held last Friday, Mr. F. T. Dewey, 
in reply to the toast of “‘ The Shipping Industry,” 
proposed by Mr. D. M. Watson, said that the 
shipping industry was not healthy, despite the 
tone of deep sea freight markets and current 
profits, because of the enormous increase in 
both building and operating costs. He gave an 
example of the replacement costs to be faced and 
contrasted the operating costs of a 7700 tons 
deadweight steamship built in the late *twenties 
with those of a modern 10,000-ton ship. For 
the older vessel he quoted daily costs at £25 
and survey and maintenance charges at £300 
per annum, and gave the corresponding figures 
for the modern ship as £200 per day and between 
£5000 to £10,000 per annum. Many war-built 
ships were more than due for scrapping but, 


he said, it was impossible to set aside enough 
funds out of earnings to build new tonnage at 
present prices. He mentioned the difficulties of 
maintaining the country’s dry cargo fleet when 
fleets of other nations had the advantages of tax 
concessions and subsidies. Mr. Dewey deplored 
the loss of coal exports which had to be com- 
pensated for by additional exports of manu- 
factured articles and mentioned that the import- 
ing of coal involved the port authorities in the 
provision of better discharge facilities to improve 
turn round in port. On this question of time 
in port he compared a discharging time of twenty- 
one days with one and three-quarter days at a 
Continental port and suggested the scrapping 
of outdated equipment, the better use of the 
labour force, the abolition of unofficial 
strikes and the improvement of the entries and 
exits at our ports allied with improved despatch 
of transport as necessary towards the solution of 
the problem. 


Tin Prices 


At the annual meeting of the London Tin 
Corporation, Ltd., which was held on October 
14th, the chairman, Mr. J. Ivan Spens, com- 
mented on the fact that in the year ended April 
30th last, the average London price of tin metal 
had been £723 a ton, compared with £660 a ton 
in the preceding twelve months. That improve- 
ment, he said, was reflected to some extent in 
the profits of tin mining companies, though the 
upward trend in mining costs continued whilst 
taxation and royalties abroad showed no 
remission. 

Mr. Spens went on to say that the requisite 
number of tin consuming countries had ratified 
the international tin agreement, but, on the 
producers’ side, ratification by the Indonesian 
Government had been deferred because of more 
urgent business. Siam’s ratification was also 
awaited. It was hoped, however, that the 
agreement would be functioning by the spring of 
next year. The United States Government, 
Mr. Spens continued, had agreed to keep the 
Texas smelter in operation for twelve months 
from July ist last, and the surplus of world 
production was being absorbed, since the refined 
tin from the smelter was not being marketed. 
In the meantime, however, the smelter was being 
offered for sale. Mr. Spens said also that the 
industry must provide a substantial amount of 
tin, or the equivalent in cash, for the buffer 
stock which was to be established under the 
international tin agreement, and companies 
would, therefore, have a portion of their liquid 
resources so occupied. 


** A Favourable Comparison ”’ 


In his chairman’s address at the annual 
meeting last week, of Triplex Safety Glass 
Company, Ltd., Sir Graham Cunningham spoke 
about reports concerning foreign labour in 
comparison with the British effort. He said 
that, recently, he went with a colleague to 
Hamburg to visit a large engineering works 
where certain equipment was being made identical 
to that produced in one of his company’s fac- 
tories. The designs and drawings were similar 
in all respects. 

Sir Graham went on to say that he and his 
colleague took with them the details of the 
man hours in their works on every operation, as 
well as rates of pay. A careful comparison 
with the equivalent German man hours and 
rates of pay had shown that, on the whole, there 
was very little difference between them. The 
British speed of welding was considerably better 
than the German, but in other respects the 
Germans beat the times given for the British 
works. On balance, however, Sir Graham said, 
he and his colleague were quite satisfied with 
what was being done in their works. 

But, Sir Graham added, there was a different 
story. A few weeks ago one or two new 
employees had been taken on at one of his 
company’s works. They came in on a Monday, 
but on Tuesday morning one of the men went 


hd 


to his foreman and said he “ would like his 
cards at lunch time.” The foreman asked ‘or a 
reason and asked him if he didn’t like the job, 
The man’s reply, Sir Graham said, was th:t he 
liked the job all right, but added “ they ~/ork 
too fast here and if I stayed too long I’ get 
into the habit myself, so I’m quitting.” Sir 
Graham said he hoped that men like that vere 
the exception. 


Transport Manpower Shortage 

In a speech which he made in Birmingham on 
Monday, Sir Brian Robertson, chairman of the 
British Transport Commission, said it was 
likely that transport services would have to be 
drastically curtailed unless something was done 
about the labour shortage. Staff shortage in 
certain areas and in certain grades was the 
principal reason for irregularities and delays in 
rail deliveries. Goods services, Sir Brian added, 
were having to be cancelled every day because 
there were not sufficient train crews and shunters, 

Sir Brian went on to comment that the “* Dutch 
auction”? which was going on in the labour 
market might seem to be in the workers’ interest, 
but it was not in the interest of their permanent 
welfare. It merely promoted the vicious spiral 
of wages chasing prices, Sir Brian said, with the 
majority of workers no better off than when they 
started. The British Transport Commission, 
Sir Brian went on, was faced with the inevitability 
of a “thumping” deficit at the end of 1955, 
but he was convinced that the national transport 
undertaking was turning the corner. Decisions 
already taken had clearly set transport on the 
right path. The rate of improvement would 
depend to a great extent on the ability to recruit 
enough technical staff. 


Residential Centre for Management Studies 


The Royal Technical College, Glasgow, has 
recently opened a residential centre for manage- 
ment studies at ‘“* Chesters,”” Bearsden, Dun- 
bartonshire. This large country house has been 
presented to the college by Mr. Alexander 
Turnbull, vice-chairman of the board of gover- 
nors. Ultimately it is intended to accommodate 
sixty students ; the first part of the rearrangement 
has been completed and thirty students will be 
accommodated for the present. 

The policy at this establishment is to specialise 
in short courses ranging from one to ten weeks 
in length. This, it is suggested, makes it easier 
for firms to release men occupying responsible 
posts, and, frequently, it is more advantageous 
for a man to attend two or three short courses, 
with additional industrial experience in between, 
than a single long course. Subjects to be dealt 
with in these short courses include industrial 
relations, work study, production planning and 
control, the engineer and cost control, super- 
visory management, communications, and execu- 
tive development. 


Coal Production 


In the first forty-one weeks of this year, 
ended last Saturday, the country’s total output 
of coal amounted to 172,166,600 tons, compared 
with 175,435,000 tons in the corresponding 
period of last year. This year’s production of 
deep-mined coal has amounted, so far, to 
163,183,200 tons and is, therefore, about 
4,000,000 tons below the amount gained in the 
comparable period of last year. Last week’s 
output of deep-mined coal was 4,314,900 tons 
and of opencast, 281,000 tons, making a total of 
4,595,900 tons. 

The number of workers on colliery books on 
October 8th was 699,500, of whom 287,500 
were face workers. A year earlier the number of 
face workers was 289,200. In the first forty 
weeks of this year inland coal consumption, 
exports and bunker requirements amounted to 
172,100,000 tons and coal imports totalled 
9,137,200 tons. Distributed stocks on October 
8th were 18,219,000 tons, compared with 
16,573,000 on the corresponding date last 
year. 
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Work of the U.S. Atomic Energy 
Commission 


BY OUR AMERICAN EDITOR 
No. I 


The eighteenth bi-annual report to Congress of the U.S. Atomic Energy Commission 
(A.E.C.) emphasises that the rapid advance of the “‘ Atoms-for-Peace ”’ programme 
stands out in the record of atomic energy developments of the past six months. In 
this period twenty-seven nations entered into agreements for co-operation with the 
United States in developing the civil uses of atomic energy. To supply the fuel that 
would eventually be required for research reactors under these agreements, the 
President authorised adding \00kg of uranium 235 to the original 100kg set aside in 
late 1954 for this programme. He also advocated the construction of a nuclear- 
powered merchant ship for demonstration cruises and proffered financial aid to 
other nations in the construction of research reactors, and training and technological 
aid in the development of power reactors by friendly nations. 


OLLOWING the President’s historic address 

before the General Assembly of the United 
Nations, on December 8, 1953, the United States 
Government embarked on a programme of 
international co-operation which has become 
generally known as the Atoms-for-Peace pro- 
gramme. The pace of events was quickened and 
the scope of the Atoms-for-Peace programme 
broadened after the passage of the Atomic 
Energy Act of 1954. This revision of the basic 
atomic energy statute authorised various actions 
in the international field which had been 
impossible previously. The acceleration con- 
tinued into the first half of 1955, when five major 
projects were under way, including (1) negotia- 
tions looking toward the early establishment of 
an International Atomic Energy Agency; (2) 
negotiation of bilateral agreements for co-opera- 
tion between the United States and other nations 
in the civil uses of atomic energy ; (3) prepara- 
tions for United States participation in the Inter- 
national Conference on the Peaceful Uses of 
Atomic Energy, held in Geneva under the zxgis 
of the United Nations ; (4) organisation and 
conduct of United States programmes for the 
training and the orientation of students and pro- 
fessional men of other countries in the peaceful 
uses of atomic energy ; (5) provision of Atoms- 
for-Peace libraries of published reference ma- 
terials on atomic energy development to other 
nations which desire such a collection of technical 
literature in this field. 

In an address at Pennsylvania State University 
on June 11th, the President briefly outlined new 
programmes which would enlarge the scope of 
United States assistance to other nations in the 
development of research and power reactor pro- 
jects under agreements with other nations or 
through an International Atomic Energy Agency. 
The President’s statement of these proposals was 
as follows: “ First, we propose to offer research 
reactors to the people of free nations who can 
use them effectively for the acquisition of the 
skills and understanding essential to peaceful 
atomic progress. The United States, in the 
spirit of partnership that moves us, will con- 
tribute half the cost. We will also furnish the 
acquiring nations the nuclear material needea to 
fuel the reactor. Second, within prudent 
security considerations, we propose to make 
available to the peoples of such friendly nations 
as are prepared to invest their own funds in 
power reactors, access to and training in the 
technological processes of construction and 
operation for peaceful purposes. If the technical 
and material resources of a single nation should 
not appear adequate to make effective use of a 
research reactor, we would support a voluntary 
grouping of the resources of several nations 
within a single region to acquire and operate 
it together.” 

The pile which was exhibited in operation at 
the Geneva Conference was the first American 
operating reactor to be exhibited outside the 
United States. It is a “pool” reactor (Fig. 1), 
a prototype of a research reactor which will 
become available to the nations with which the 
United States enters into bilateral agreements for 
co-operation. Two research reactors of this 
design are at present under construction at 
colleges in the United States—at Pennsylvania 


State University and the University of Michigan. 
After the Geneva Conference this particular 
reactor was sold to the Government of Switzer- 
land. The reactor* operated in a cylinder of 
purified water 10ft in diameter and 21ft deep. 
The core of the reactor—the fuel elements con- 
taining 18kg of uranium, enriched to 20 per cent 
in uranium 235—were situated near the bottom 
of the tank, sitting on a pedestal. The water 
acted as a shield to retain radiation and as a 





Fig. 1—‘‘ Swimming pool’ research reactor exhibited 
by the United States at the Geneva Conference 


basic operating component—the moderator. 
Through the water observers were able to see the 
Cerenkov radiation effect, a blue glow emanating 
from the water in the immediate vicinity of the 
core. Operation was at about 10kW, but the 
power was flashed to about 100kW at times in 
order to emphasise the Cerenkov effect. 


RAW MATERIALS 


Uranium concentrate production for the U.S. 
Atomic Energy Commission continued to 
increase during the first half of 1955. Increase 
within the United States was _ substantial ; 
further sharp increases over the next eighteen 
months are expected as a result of construction 
programmes now under way or about to start. 
Foreign sources continued to supply a substantial 
quantity of concentrates, with South Africa 





* See THE ENGINEER, August 26, 1955, page 300. 





599 


assuming a more significant role. Private pro- 
specting and exploration activity continued at a 
high level. 

In June, 1955, the number of producing mines 
in the United States was estimated at 850, as com- 
pared with some 795 in June, 1954. The potential 
uranium production area continued to expand 
with new discoveries in eastern Washington, 
North Dakota and south-central Texas. 

Ore production continued to exceed present 
processing capacity with a resultant build-up of 
ore stockpile inventories at certain locations. 
However, stockpiles in excess of normal plant 
requirements are at mills just completed or at 
sites where new mills are being constructed or 
are planned. A contract was completed between 
the Uranium Reduction Company and _ the 
A.E.C. for the construction of a large mill at 
Moab, Utah, and the plant is now under con- 
struction. Negotiations are in progress for the 
construction of a plant in the Cameron area of 
the Navajo Indian Reservation in Arizona. The 
Commission also completed a concentrate pro- 
curement contract with Mines Development, 
Incorporated, for the construction and operation 
of a processing plant at Edgemont, South 
Dakota, and the plant is under construction. 
Three uranium recovery facilities are now pro- 
ducing small tonnages of uranium concentrates 
as a by-product of the recovery of phosphate 
chemicals and fertilisers from Florida phosphate 
rock. 

Greatly accelerated exploration activity by 
private industry resulted in the discovery of 
potentially large deposits of uranium ore in 
hitherto non-producing areas off the Colorado 
Plateau. The first large deposit of ore in a con- 
tact-metamorphic geologic environment was 
discovered in Stevens County, in Eastern Wash- 
ington. Promising deposits were found in 
Gunnison and Fremont Counties, Colorado, and 
private ground and airborne exploration estab- 
blished an area of significant uranium mineralisa- 
tion in Karnes County in south-central Texas. 
The continually increasing number of prospectors 
and mining companies engaged in exploration 
and airborne surveying, coupled with a notice- 
able expansion of private geological consultant 
services, has permitted the Commission to 
emphasise the development of geologic informa- 
tion and criteria for finding new mineralised 
areas and new favourable stratigraphic horizons. 
Results of this work are being made public to 
assist private interests in the exploration and 
development of favourable ground. 

Total drilling by the U.S. Government was 
approximately 350,000ft during the first half of 
1955, compared with a rate of over 1,000,000ft a 
year in the past two years. The Commission’s 
drilling was largely conducted on withdrawn 
lands, which, upon completion of drilling, are 
leased to private companies or restored to the 
public domain. The rate of private drilling was 
accelerated and is now estimated at more than 
six times that of the Government. Continued 
increase of ore reserves was due largely to the 
discovery of new deposits and development of 
known deposits by private drilling. 

The U.S. Bureau of Mines Experimental 
Station at Salt Lake City, Utah, the National 
Lead Company operating the Raw Materials 
Development Laboratory, Battelle Memorial 
Institute, the Dow Chemical Company and 
Arthur D. Little, Incorporated, are continuing 
to work on the development of both new and 
improved recovery processes for Colorado 
Plateau uranium ores. Chattanooga uraniferous 
shale process studies continued on a laboratory 
and bench scale at Columbia University. New 
ore testing facilities for both acid and alkaline 
processes for western ores are now in operation 
at the pilot plant at Grand Junction, Colorado. 
Studies on the recovery of uranium as a single 
product from Florida phosphatic leached-zone 
materials were completed. Although it was 
demonstrated that uranium can be recovered from 
the leached-zone material, this process is not 
considered economical by present standards. 


MILITARY APPLICATION 


Immediately after Operation ‘ Castle,”’ the 
test series held at the Pacific Proving Ground in 
the spring of 1954, the weapons programme was 
directed toward development of weapons whose 
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design was based on results of those tests. A 
prominent event in the weapons programme 
during the period of the current report was 
Operation * Teapot,’ at the Nevada Test Site. 
This was a series of fourteen nuclear tests con- 
ducted between February 18th and May 15th of 
this year. Operation “* Teapot” introduced a 
concept of “‘ dual capability’’ permitting two 
nuclear devices to be ready for firing on several 
occasions, one being “ sensitive’? and the other 
** non-sensitive *’ in terms of various test criteria, 
including public safety. Under this concept it 
was sometimes possible to delay the most 
“sensitive ’’ tests until conditions were more 
favourable, using the less ideal periods before or 
after these for a less sensitive test. On March 
29th this dual readiness for testing allowed the 
firing of a sensitive test at 4.55 a.m. and another 
less sensitive one at 10 a.m., the first time that 
two nuclear tests were carried out in one day. 
The firing of two more nuclear devices than 
originally planned for the series again demcn- 
strated the unique advantages of a continental 
testing facility. Data developed in the weapons 
laboratories and from the tests themselves 
indicated the need for two additional tests and it 
was possible to plan and fire them during 
Operation “Teapot.”” This accomplishment 
would have been impossible without the special 
advantages offered by the Nevada site. 

The Commission, through its contractors, was 
responsible for the test devices and diagnostic 
measurements, while the associated military and 
civil tests were performed by the Department of 
Defence, the F.C.D.A., and other interested 
agencies. The Department of Defence also used 
several of the scheduled detonations for indoc- 
trination of military personnel 

The Federal Civil Defence Administration 
conducted its Operation “‘ Cue” in connection 
with the thirteenth nuclear test of the series on 
May Sth. This was the most comprehensive 
held in Nevada to date, and consisted of emerg- 
ency feeding, radiological safety monitoring, and 
other training exercises before and after the 
detonation. One nuclear shot in the series and 
one non-nuclear test were specifically designed to 
determine effects of high-altitude atomic detona- 
tions required in connection with the development 
of nuclear warheads to be used against attacking 
enemy aircraft. 

In addition to Operation “* Teapot,” a joint 
A.E.C. Department of Defence test (Operation 
‘*“Wigwam’’) was conducted in the Eastern 
Pacific Ocean in mid-May. The main purpose 
of the test was to study effects of a deep under- 
water detonation. The Commission participated 
in the test by furnishing the device, assisting in 
its final assembly and placement, and conducting 
diagnostic measurements. As forecast, indica- 
tions are that the test involved no health hazard 
to mainland or island inhabitants or consumers 
of fish. 


REACTOR DEVELOPMENT 


The Commission’s programme of developing 
reactors for industrial and military power and 
for naval and aircraft propulsion made greater 
strides during the first six months of 1955 than 
in any earlier half-year. Expenditures of nearly 
151 million dollars were made for reactor 
development during the fiscal year ending 
June 30th. During the period of this report 
emphasis was placed on the development of 
advanced reactor technology through projects 
involving the building of experimental reactors. 
These reactors were chosen in February, 1954, 
under a five-year programme to represent five 
ideas of power reactor designs that seemed 
potentially capable of producing economic 
nuclear power and at the same time could be built 
and tried out because the technology had recently 
advanced sufficiently. Each of these five con- 
cepts selected continued to show promise of 
ultimate production of civilian power at com- 
petitive costs in future nuclear power stations. 
Some changes were made in the programme, 
while others are under active consideration. 
Meanwhile studies of other promising reactor 
concepts have reached a point where experimental 
reactor projects are being considered. 

The U.S. Navy gave preliminary acceptance to 
the nuclear-propelled submarine “‘ Nautilus.” A 
100-hour full-power test of the Submarine Inter- 
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mediate Reactor (SIR) Mark A—the land-based 
prototype of the ‘* Seawolf’’—was successfully 
completed. Development work continued on a 
reactor for a high performance submarine and 
on a reactor suitable for large ship propulsion. 
The first phase of the Package Power Reactor 
programme of the U.S. Army was completed and 
the Aircraft Nuclear Propulsion programme 
accelerated, with the promise of nuclear-powered 
flight considerably brightened. The A.E.C. 
moved toward greater participation by industry 
in advancing the development of competitive 
nuclear power. Toward this end the Com- 
mission set up an expanded programme for 
making classified information available to 
industry and established a classified schedule of 
charges for material produced in power reactors. 
Four industrial proposals were received for the 
power demonstration reactor programme. The 
number of industrial study groups was increased 
from eighteen to twenty-five, bringing the 
number of individual organisations now in the 
programme to eighty-one. Implementing the 
President’s *‘ Atoms-for-Peace ’’ plan, a training 
school was established at the Argonne National 
Laboratory primarily for the training of foreign 
students in nuclear technology. 

The Pressurised Water Reactor (PWR) will 
be the first civilian nuclear power plant in the 
United States. This nuclear power plant is to 
produce at least 60MW of electricity and is the 
oniy large-scale reactor in the original civilian 
power development programme. Major con- 
struction work is in progress at the PWR site at 
Shippingport, Pennsylvania. Excavation for the 
entire power station is now well advanced and 
contracts have been awarded for concrete and for 
furnishing and erecting the steel structures to 
house the reactor portion of the plant. On 
May 7th the Commission held the third of a 
series of PWR classified technical seminars at the 
Bettis works near Pittsburgh. This seminar was 
planned to acquaint representatives of private 
and public utilities, industrial study groups, 
major A.E.C. contractors, and appropriate 
Government agencies with the details of PWR 
progress. It was attended by about 300 indi- 
viduals. 

The investigation of the concept of boiling 
water reactors continued under the direction of 
the Argonne National Laboratory. This concept 
—basically a variation of the pressurised water 
reactor concept—differs in that pressure in the 
coolant system is lowered and steam generation 
allowed to take place in the core. There are 
three experimental reactors in the overall project. 
The first boiling reactor experiment (Borax I) 
was operated at the National Reactor Testing 
Station in 1953. A second boiling reactor experi- 
ment (Borax II) was constructed last summer on a 
site close to Borax I. The reactor became critical 
on October 19, 1954, and since then has operated 
successfully. During the past six months experi- 
ments were conducted to study both the steady 
state and transient behaviour of the reactor and 
to define the limits of stable operation as a 
function of variables such as pressure and 
specific power. The ultimate goal of the boiling 
reactor project is the construction and operation 
of the Experimental Boiling Water Reactor 
power plant (EBWR) designed to produce 20MW 
of heat and 5MW of electricity. Bids for the 
construction of the reactor building were invited 
and a lump-sum contract was awarded to the 
Sumner Sollitt Company of Chicago. Con- 
struction at Argonne began in June, 1955, and 
this reactor plant should be generating power 
during the latter part of 1956. 

In the meantime plans were made to install a 
3-7MW turbo-generator at Borax II to be driven 
by the steam from this temporary boiling experi- 
ment. One object of this experiment is to provide 
data on the carry-over of radioactivity from the 
boiling reactor to the turbine, condenser and 
feed water pumps, which can be utilised in the 
design of the EBWR. Another objective is to 
creat a pilot plant to serve as a basis for possible 
further development. 

Nuclear power plants with sodium-cooled, 
graphite-moderated reactors continued to look 
promising for the production of competitive 
electric power. North American Aviation, 
Incorporated, is pursuing this concept under 
contract with the A.E.C. Fabrication of the 


Oct. 21, 1955 


small experimental reactor designated SRR 
(Sodium Reactor Experiment) proceeded op 
schedule. In the past six months detailed design 
work on the Sodium Reactor Experiment and 
site preparation were essentially completed and 
an engineering test building erected. In addition 
to being used for engineering experimental work 
the final fabrication and assembly of the fue} 
elements for the first core of the SRE is being 
carried out in the engineering test building. The 
original plans did not include the generaticn of 
steam or the conversion of heat energy from this 
experiment. The reactor heat was to be disgj- 
pated to the atmosphere. However, the Southern 
California Edison Company offered to buy {rom 
the Commission the SRE heat and install, at its 
own expense, all equipment necessary to convert 
the heat to electricity. Proposals from other 
utility organisations were solicited, but no others 
have been received. It is expected that the 
decision to utilise the SRE heat will be made in 
the near future. 

The project for the construction and operation 
of the Experimental Breeder Reactor power plant 
(EBR No. 2) continued under the direction of the 
Argonne National Laboratory. The EBR No. 2 
is to be sodium cooled, generate 62-S5MW of 
heat, and produce 1SMW of electricity. The 
development programme for the EBR No. 2 was 
well advanced during the period of this report. 
Complex problems in physics, characteristic of 
such fast reactors, were solved on_ the 
“ UNIVAC ” electronic computer at New York 
University. Reactor physics measurements re- 
quired for the programme were made at Argonne 
with a sub-critical core assembly using the 
neutron source reactor. Such exponential 
experiments neared completion and data were 
analysed by the “ AVIDAC”’ electronic com- 
puter at Argonne. The construction of a zero 
power fast critical assembly was essentially com- 
pleted at the National Reactor Testing Station. 
It will provide accurate data for the detailed 
design of the core of EBR No. 2. 

The construction of EBR No. 2 is scheduled 
to start in 1956, while the reactor is scheduled to 
be in operation early in 1958. A facility for the 
development, manufacture and reprocessing of 
fuel elements containing plutonium is essential to 
the development and operation of fast breeder 
reactor power plants. The design work for such 
a facility, which is to be situated at Argonne, was 
completed and the building will be erected this 
year. 

The Oak Ridge National Laboratory con- 
tinued its investigation of the homogeneous 
reactor. The laboratory designed, built and 
operated the Homogeneous Reactor Experiment 
No. 1 in 1952. The present programme is 
centred on assembling a second Homogeneous 
Reactor Experiment (HRE No. 2). During the 
past six months this reactor concept was modified 
rather significantly as the design progressed, so 
that a much more useful reactor will be provided 
than was originally planned. The reactor will be 
more powerful than the HRE No. 1. It is believed 
that power levels of 1OMW may be attained, at 
least intermittently, compared with the 3MW 
originally planned. It also will be more versatile, 
and by 1957 will include a blanket system with 
chemical processing equipment as part of the 
reactor. These modifications made it appear 
unnecessary to construct an intermediate scale 
homogeneous power reactor, since it is expected 
that the modified HRE No. 2 will provide most 
of the technology originally intended to be 
obtained from the intermediate size reactor. 

The construction of the HRE No. 2, which is 
to be housed in the original HRE No. 1 building, 
was started in July, 1954, after HRE No. 1 was 
shut down and dismantled. The erection of the 
underground steel-lined reactor cell was com- 
pleted in May, 1955. Contracts were awarded 
and fabrication started on all major equipment, 
including the heat exchangers, core tank, pressure 
vessel, and circulating pumps. 

General research and development work is 
considered essential to the power reactor 
development programme. Most of the promising 
new reactor concepts are the results of such work, 
and from these beginnings advance to a state of 
technology which permits the planning of reactor 
construction. Among the present promising 
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Fig. 2—Second American nuclear-powered submarine U.S.S. ‘‘ Seawolf ”’ 
after launching at Groton 


concepts are a liquid metal-fuelled reactor, an 
organic-moderated reactor experiment and a 
small homogeneous reactor. During the past six 
months work on these concepts has progressed 
to the point where experimental reactor projects 
which would test these concepts are being con- 
sidered. 

Liquid Metal-Fuelled Reactor—A reactor in 
which the fuel is carried in a liquid metal system 
has the potential advantages of simplified fuel 
processing, as in the homogeneous reactors, 
together with the advantage of high temperatures 
at low pressure. During the past six months one 
such reactor concept, using graphite as moderator 
and a uranium solution in bismuth as fuel, was 
carried to a reasonably advanced state of com- 
ponent development primarily by the Brookhaven 
National Laboratory. 

Organic-Moderated Reactor Experiment.— 
Several advantages of some organic compounds 
as possible reactor moderator coolants were 
evident from investigations of these materials. 
Low induced radioactivity, low corrosion of fuel 
elements, and high boiling point were among 
these advantages. Thus, they would afford the 
possibility of reactors of the small size of water- 
moderated units operating at higher temperature 
with lower vessel pressure and practically no 
problems of corrosion. The major unknown in 
the systems under investigation is the mechanism 
of deposition on heat transfer surfaces under 
reactor conditions. Experiments in progress are 
expected to develop the facts about this mech- 
anism. It is believed that the next step in deter- 
mining the value of this technology if radiation- 
loop test results are satisfactory should be a 
simple, inexpensive reactor experiment somewhat 
similar to the boiling water reactor experiments 
at the National Reactor Testing Station. This 
experiment with the organic moderated reactor 
principle would simulate conditions of heat flux, 
temperature, and coolant velocities practical for a 
power reactor: of: this type. In May ‘North 
American Aviation, Incorporated, began, an 
engineering design for such an organic-moderated 
reactor experiment. The design will be com- 
pleted by the end of 1955. 

In April the Commission announced a simpli- 
fied programme under which organisations or 
individuals may be given access to certain con- 
fidential and secret restricted data relating to 
civilian applications of atomic energy technology, 
and not primarily of military significance, for 
their own private purposes. In January the 
Commission established a programme planned 
to encourage American industry to develop, 
fabricate, construct, and operate experimental 
nuclear power reactors. The aim of the pro- 
gramme is to bring private resources into the 
development of engineering information on the 
performance of nuclear power reactors and thus 
advance the time when nuclear power will 
become economically competitive. Under the 
programme the Commission stated that it would 





consider providing the following kinds of 
co-operation and assistance in effecting pro- 
posals for power reactors submitted by April 1, 
1955, by applicants who were willing to assume 
the risk of construction, ownership, and operation 
of such facilities :— 

(1) Waiving the established Commission 
charges for loan of source and special nuclear 
materials up to an agreed amount for a period of 
up to seven years from July 1, 1955. The pro- 
posers would nevertheless pay for all material 
consumed and for services performed for them 
by the A.E.C.; (2) performing in A.E.C. labora- 
tories without charge or at reduced charges to the 
proposers certain mutually agreed upon research 
and development work ; and (3) making pay- 
ment, to be fixed in advance, for technical and 
economic information resulting from the project. 
This information would then be made available 
by the Commission to the technical public work- 
ing on reactor development. 

By April 1, 1955, four proposals were received 
for large-sized reactors to be constructed at sites 
subject to Commission approval. The proposals 
are :—{1) A boiling water reactor plant in 
Illinois of 180MW electrical capacity, to be com- 
pleted in 1960 ; (2) a light-water-moderated and 
cooled reactor plant in northwest Massachusetts 
of 100OMW capacity, to be completed in late 1957 ; 
(3) a fast breeder reactor plant at Monroe, 
Michigan, with 100OMW capacity, to be com- 
pleted in late 1958 ; and (4) a sodium graphite 
reactor plant of 75MW capacity, to be completed 
in 1959, 

Experimental operation of the prototype 
Submarine Thermal Reactor (STR), Mark I, at 
the National Reactor Testing Station in Idaho 
was continued by the Westinghouse Electric 
Corporation as a part of the programme for 
testing this kind of reactor. Work on modifica- 
tions, which will change Mark I from a prototype 
of the ‘‘ Nautilus ’’ nuclear power plant to a test 
facility for investigating new developments in 
technology, design and operation of improved 
water-cooled nuclear power plants, was scheduled 
to begin in July and will continue for approxi- 
mately three months. The U.S.S. “‘ Nautilus ”’ 
powered by the STR Mark II, proceeded under 
nuclear power on January 17, 1955; after 
successful sea trials she was given preliminary 
acceptance by the U.S. Navy on April 22, 1955. 
The second nuclear-powered submarine, the 
** Seawolf ”’ (Fig. 2), which will be propelled by 
the Submarine Intermediate Reactor (SIR) Mark 
B, was launched on July 21, 1955, at the Electric 
Boat Division, General Dynamics Corporation, 
at Groton, Connecticut. A 100-hour full-power 
test of SIR Mark A (Fig. 3), the land-based proto- 
type of the engine designed for the “‘ Seawolf”’ 
was successfully completed. The SIR Mark A 
was developed at the Knolls Atomic Power 
Laboratory which is operated for the A.E.C. by 
The General Electric Company. Surplus steam 
from the SIR Mark A has been channeled into 





Fig. 3—Land-based prototype of submarine intermediate reactor, Mark A, 
undergoing test at West Milton, New York 


a 1OMW turbo-generator installed and operated 

by the General Electric Company at no cost to 

the Government. The resulting electrical output 

is being sold by the A.E.C-. in the first commercial 

—_ of atomic-powered electricity in the United 
tates. 


GENERAL ENGINEERING AND DEVELOPMENT 


Through the co-operation of twenty public 
water supply systems in various parts of the 
United States water samples from their source to 
and through treatment plants were collected 
following certain detonations of nuclear devices 
during the spring test series at the Nevada Test 
Site. The water samples were examined for 
radioactivity by the Sanitary Engineering 
Laboratories at the Massachusetts Institute of 
Technology, which is under contract to the 
Commission. The objective is to evaluate the 
effect, if any, of fall-out of bomb debris in public 
water systems and the extent to which standard 
water purification methods remove radioactive 
contaminants. 

The economic and public health aspects of 
disposal of high-level radioactive wastes were 
given special consideration. Because of increased 
interest in the construction of nuclear power 
reactors near populated areas, safe disposal of 
these wastes is a significant factor in the develop- 
ment of the industry. The Oak Ridge National 
Laboratory emphasised research to determine the 
feasibility of disposal in special underground 
pits instead of costly storage in underground 
tanks. Under A.E.C. contract, the Department 
of Sanitary Engineering and Water Resources of 
the Johns Hopkins University continued an 
evaluation of the environmental problems in 
transporting and disposing of radioactive wastes. 
The co-operation of a special committee of the 
Earth Sciences Division, National Research 
Council, was enlisted to investigate the poten- 
tialities of ground disposal of high-level radio- 
active wastes. 

In April the Commission invited American 
industry to build and operate with private funds an 
Engineering ‘Test Reactor which would provide 
irradiation facilities the Commission will need 
early in 1957 for the development of reactor com- 
ponents for military and civilian nuclear power 
programmes. Irradiation facilities now being 
used by the A.E.C. are not suitable for engineer- 
ing experiments which require relatively large 
spaces in areas with high neutron intensities. 
During the period of this report the Commission 
received two proposals from industry to con- 
struct the ETR. These proposals were made by 
the Babcock and Wilcox Company, jointly with 
the Lockheed Aircraft Corporation, and the 
J..A. Jones Construction Company, and they are 
being evaluated by the Commission. The A.E.C. 
estimates that it would cost about 15,000,000 
dollars to build the ETR at the National Reactor 
Testing Station. 

(To be concluded) 
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Personal and Business 


Appointments 


Mr. R. J. Foster has been appointed general 
manager of British Oxygen Aro Equipment, Ltd. 


Mr. PETER ALLISTON has been appointed com- 
mercial manager of F. Perkins (Canada), Ltd. 


Mr. K. MILLs, secretary of Dowty Equipment, 
Ltd., has been appointed secretary of Dowty Fuel 
Systems, Ltd. 

_THE BRITISH TRANSPORT COMMISSION states that 
Mr. J. B. Peile has been appointed a member of the 
Eastern area board. 


Dr. ALBERT PARKER, director of the Fuel Research 
Station, has been elected chairman of the council of 
the Royal Society of Health. 


Mr. E. J. Jerreries has accepted an appointment 
from the United Nations Technical Assistance 
Administration as an expert to Mexico. 


Mr. H. W. Kina, purchasing director of Eburite 
Corrugated Containers, Ltd., has been elected presi- 
dent of the Purchasing Officers’ Association. 


British RAILWAYS (SCOTTISH REGION) announces 
the appointment of Mr. G. L. Nicholson, A.M.I. 
Mech.E., as modernisation assistant to the general 
manager. 


Mr. E. T. Jones, F.R.Ae.S., principal director of 
scientific research (air), Ministry of Supply, has been 
elected president of the Royal Aeronautical Society 
for 1956-57. 


Mr. Stuart L. M. BARLow, A.M.IL.E.E., has been 
appointed a non-executive director of the Electric 
Construction Company, Ltd., Bushbury Engineering 
Works, Wolverhampton. 


Lorp POLWARTH is to succeed Lord Bilsland as 
chairman of the executive committee of the Scottish 
Council (Development and Industry). Lord Bilsland 
will continue as president of the Scottish Council. 


Sm James McNEILL, deputy chairman and manag- 
ing director of John Brown and Co. (Clydebank), 
Ltd., has been elected president of the Shipbuilding 
Conference. Mr. J. A. Milne, chairman and manag- 
ing director of J. Samuel White and Co., Ltd., has 
been elected vice-president. 


Mr. W. K. G. ALLEN, chairman and joint managing 
director of W. H. Allen, Sons and Co., Ltd., has been 
elected president of the British Engineers’ Association. 
Mr. E. W. Thompson, chairman and a managing 
director of John Thompson, Ltd., has been elected 
vice-president. The retiring president, Mr. H. S. 
“ Dick ” Broom, joint managing director of Broom 
and Wade, Ltd., has been elected honorary treasurer 
of the Association. 


THe MINISTRY OF SUPPLY states that Mr. F. S. 
Barton has been appointed adviser, defence supplies 
(Ministry of Supply) to the United Kingdom High 
Commissioner in Canada. Dr. D. H. Black has been 
appointed principal director of electronics research 
and development in succession to Mr. Barton, and 
Dr. W. H. Wheeler is to succeed Dr. Black as head 
of the United Kingdom Ministry of Supply staff, 
Australia, and scientific adviser to the United 
Kingdom High Commissioner in Australia. 


Business Announcements 


Nu-Swirt, Ltd., has opened new London show- 
rooms and offices at 25, Piccadilly, W.1. 


REFRACTORY MOULDINGS AND CASTINGS, Ltd., 
states that its address is now Pleasant Place, Keg- 
worth, Leics. 

LUMENATED CEILINGS, Ltd., has moved its London 
office to Alliance House, Caxton Street, S.W.1 (tele- 
phone, Abbey 7113). 

DowpDING AND Miits, Ltd., 24-26, White Post 
Lane, London, E.9, states that its telephone number 
has been changed to Amherst 8351. 


AUTOMOTIVE ENGINEERING, Ltd., Twickenham, a 
subsidiary of Sheepbridge Engineering, Ltd., is 
reorganising its piston manufacturing departments. 

Mr. JAMES STEEL, sales and service director of 
Steels Engineering Products, Ltd., Crown Works, 
Sunderland, has left this country for a world business 
tour. 

Tue Society OF Motor MANUFACTURERS AND 
TRADERS, Ltd., states that its office in the U.S.A. has 
been moved from Washington to 17, East 54th Street, 
New York City, 22. 

THE MortTIMER ENGINEERING CoMPANY, 210, Acton 
Lane, Harlesden, London, N.W.10, states that it 
has been appointed sole agent in the United Kingdom 
for “‘ Ravensburg ” lathes. 


WELDALL AND ASSEMBLY, Ltd., and STERN AND 
BELL, Ltd., members of the Triplex Group, are to 
be housed in a new factory to be built at Birmingham. 


THE INTERNATIONAL CARGO HANDLING CO-ORDINA- 
TION ASSOCIATION states that its address is now 
Westminster Chambers, 1, Victoria Street, London, 
S.W.1 (telephone, Abbey 2102). 


THe STANTON [RONWORKS COMPANY, Ltd., states 
that the address of Mr. Tom Murphy, N.E. England 
representative, is 22, Queensway, Brunton Park, 
o— Newcastle upon Tyne (telephone, Wideopen 


Contracts 


ENFIELD CABLES, Ltd., Brimsdown, Middlesex, 
has been awarded a contract to the value of approxi- 
mately 500,000 dollars by the Hydro-Electric Power 
Commission of Ontario, Canada, for 24 miles of 
or vo double-circuit, 80MVA pipeline compression 
cables. 


THE Power-Gas CorpPoraTION, Ltd., Stockton-on- 
Tees, has received an order from Laporte Chemicals, 
Ltd., for a Hercules reforming plant to produce high 
purity hydrogen. The plant will consist of a reforming 
furnace followed by three stages of CO conversion 
and CO, removal with methanation, and a Wiggins 
gasholder. 


G. AND J. Wer, Ltd., Cathcart, Glasgow, has 
received an order for sea-water evaporating and distil- 
ling plants for the Lobitos Oilfield in Peru. The 
order has been placed through Balfour, Williamson 
Merchant Shippers, Ltd., and the plants are to be 
delivered in 1956 and 1957. The first plant will 
provide 270 tons of fresh water a day from sea water, 
and the second will have an output of 500 tons a day. 
These plants will supply all the fresh water require- 
ments of the oilfields including that for domestic use. 


Miscellanea 

SMALL HacksAw FrRAME.—Charles Baynes, Ltd., 
Blackburn, Lancs has introduced a new hacksaw 
frame for the handyman, model engineer, or 
tradesman. The frame has a high-tensile steel 
back with a die-cast handle, moulded for the fingers 
and incorporating a thumb-stop and finger guard. 
It takes standard 6in by fin pinned blades. 


Mopet Raitway Hossy SHow.—The first Model 
Railway Hobby Show is being held at Central Hall, 
Westminster, London, S.W.1, from October 19th 
to October 22nd. This show is the first to be 
organised by trade interests to cover the entire field 
of miniature railways and in it the principal firms 
engaged in the manufacturing and distributing of 
miniature railway equipment are represented and 
demonstrations of model building are staged. 


New SIGNALBOX AT Ditton JuNCTION.—Work is 
now nearing completion on a new signalbox and 
extensive track circuiting at Ditton Junction (near 
Widnes) on British Railways (London Midland 
Region). The new box will be equipped with a 44in 
centre lever frame of 100 levers and will also house 
relay, battery and store rooms, and linesmen’s accom- 
modation at the Liverpool end. Extensive track 
circuiting has been carried out and an illuminated 
diagram has been provided in the signalbox above the 
instrument shelf. Concurrent with the building of 
the new box the up fast and slow semaphore home 
signals and the up fast semaphore starter were 
replaced by colour-light signals. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND.—At a meeting of the Institution of 
Engineers in Scotland, held on October 18th, Dr. 
J. F. Allan and R. S. Cutland read a paper entitled 
“* Investigation of the Resistance of an 18ft Plank.” 
The paper describes a series of investigations carried 
out with an 18ft plank in order to determine its 
resistance with a smooth surface, a rough surface 
and with a surface arranged to represent a ship’s 
hull with plate edges, rivets, welds, &c. The results 
of an examination of the surface finish of the smooth 
plank are given and also a description of the recording 
instrument used. Tests to obtain an exact measure 
of the roughness of the rough plank are described 
and the results given. : 


TIMBER RESEARCH CENTRE.—The Timber. Develop- 
ment Association will shortly transfer its scientific 
and technical activities from its London headquarters 
to premises at Tylers Green, near High Wycombe. 
This decision follows an announcement made earlier 
this year that the Department of Scientific and 
Industrial Research was willing to make an annual 
grant to the Association towards the cost of research 
calculated to raise the standard of wood usage in 
this country. The T.D.A. research programme will 
supplement the fundamental studies carried out at 
the Forest Products Research Laboratory (D.S.I.R.), 


at Princes Risborough. Investigations will ‘ce cop. 
cerned less with wood as a material, the Association 
States, than with its uses in selected fields of indus 
with special regard to design, production and pro. 
cessing and in applied research and pilot develop 
ments. Research into glued lamination will nave q 
leading position on the new laboratory’s schedule 
of projects, it is stated. 


Heavy Steet Castinc.—The English Stee! Cor. 
poration, Ltd., recently made at its Grimesthorpe 
Foundry the largest steel casting it has ever 
produced. The casting, a 166-ton forging pregs 
entablature, was 28ft 6in in length, 14ft 2in in height 
and 8ft 6in in width. During the twenty-five-minute 
casting operation and the subsequent “* feeding ” 225 
tons of steel were used. The bulk of the metal—joq4 
tons—came from three ladles teeming simultancously, 
whilst the remainder was added to ensure that the 
casting was sound. To produce this quantity of steel 
three Siemens open-hearth furnaces and three electric 
arc furnaces were required, the former being tapped 
simultaneously. The pattern used was in ten sections 
and took three months to build. 


SAND AND GRAVEL WORKING IN East LINcoLn- 
SHIRE AND EAST YORKSHIRE.—The Advisory Com- 
mittee on Sand and Gravel has issued another of its 
series of reports ; recommendations are made in 
the report for the allocation of land for sand and 
gravel working, to maintain output at a reasonable 
cost, in East Lincolnshire and East Yorkshire over 
the next 50 years, without causing serious damage 
to agriculture or to the landscape. The estimated 
demand of the region totals 750,000 cubic yards a 
year ; 350,000 cubic yards from the East Lincoln- 
shire workings and 400,000 cubic yards from those of 
East Yorkshire. The acreage needed to meet these 
demands over the next 50 years is put at a little over 
2700 acres ; 1320 acres in East Lincolnshire and 1400 
acres in East Yorkshire. In the latter region because 
of the scarcity of reserves, however, the committee 
has only been able to suggest the allocation of 415 
acres. The committee has emphasised the desirability 
of ensuring that worked-out sites are made as attrac- 
tive as possible where complete restoration is not 
practicable. 


NATIONAL FEDERATION OF ENGINEER’S TOOLS 
MANUFACTURERS.—The annual dinner of the 
National Federation of Engineer’s Tools Manufac- 
turers was held in London on October 11th. In 
proposing the toast of the evening, “* World Trade,” 
the president of the Federation, Mr. R. A. Balfour, 
said that a steady improvement in world conditions 
was indicated by the growth of steel consumption, 
which was increasing proportionately in all directions. 
So far as trading was concerned the Federation had 
had a very satisfactory year and the demand for tools 
showed no signs of slackening. The tool trade was 
experiencing the same shortage of labour as other 
branches of industry and Mr. Balfour said this 
difficulty could only be overcome by a greater degree 
of automation. In responding to the toast, Sir 
Frederick Handley Page complimented the Federation 
on the prosperity of its member firms. He pointed 
out that to ensure the continuation of such pros- 
perity the industry must support and contribute 
fully towards the training of craftsmen, upon whom 


its future would depend. 


NortH East Coast INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—The report of the council, 
1954-55, presented at the opening general meeting 
of the North East Coast Institution of Engineers and 
Shipbuilders, held on October 14th, announced the 
following awards for papers read before the Institution 
during the previous session: the Institution’s 
Engineering Gold Medal to Mr. W. McLaughlin for 
his paper, “The New Gear-Cutting Establishment 
at Clydebank ” ; the M. C. James Medal jointly to 
Dr. D. Fitzgeorge and Professor J. A. Pope, for their 
paper entitled “An Investigation of the Factors 
Contributing to the Failure of Diesel-Engine Pistons 
and Cylinder Covers,” and the first award of the 
triennial Gilbert Innes Prize to Mr. H. J. Adams for 
his paper ‘“‘ Some Further a of Moment 
Distribution to the Framing of Tankers,”’ which was 
presented during the 1952-53 session. The report 
stated that the 1955 Institution scholarship has been 
awarded to Mr. G. S. H. Lock and that Mr. B. E. 
Urwin has been awarded the Harroway Scholarship. 
The proceedings at the meeting included the reading 
of the paper, “ Impact of the Development of Atomic 
and Thermonuclear Weapons on the Royal Navy,” 
by Commander J. R. H. Bull, R.N. This paper, 
which was illustrated by a film, gave a short résumé 
of the effects of atomic and thermonuclear weapons 
and also of the blast wave and heat and underwater 
shock on ships’ structures. It dealt with the irmmedi- 
ate and residual radiation hazard and the organisation 
to meet it, the prewetting system to reduce residual 
contamination and the decontamination of ships. 
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British Patent Specifications 


When an invention is communicated from abroad the name and 


address of the communicator are printed in italics. When an 
abridgemcnt is not illustrated the specification is without drawings. 
The date first given is the date of application ; the second date, 
at the ed of the abridgement, is the date of publication of the 
complet. specification. Copies of specifications may be obtained 
at the Patent Office Sales Branch, 15, S ip di 
Chancery Lane, W.C.2, 3s. each. 





INTERNAL COMBUSTION ENGINES 


734,786. September 15, 1952.-HyDRAULIC TAPPETS 
FOR ENGINE VALVE Gear, Carl Voorhies, 917, 
South Knight Street, Park Ridge, Illinois, U.S.A. 

In the form shown in the drawing the device is 
designed for the pressure feed of fluid into the tappet 
body and plunger. As shown, A is a portion of an 

engine cylinder block. Adjacent to the block is a 

camshaft B carrying cams C. Within the engine 

portion may be mounted a liner D. The use and 
operation of the invention are as follows :—The 
drawing shows the valve 

lifter in the position in 

which the engine valves A : 






















h | N 
are closed. The spring E | SS D 
holds the tappet body F “ff | B-7S 
against the cam C and the \a =8 J 
plunger is urged upward to \% we G 
take all clearance out of wy ae 
the valve train. Oil from \/ YN H 
the engine supply is fed N YA ZEN M 
through passages G, H and ‘ \k! a 4S 
Jinto the reservoir or oil \= =H 
supply chamber L. When ANA 


the high-pressure chamber 
below the check valve M 
is filled with oil as the cam 
revolves and the tappet is 
lifted, the parts of the valve 
train are carried on the No. 734,786 
column of oil in the high- : , 

pressure chamber. During the time the engine valve 
is lifted slight leakage occurs in the clearance between 
the plunger N and the body. When the engine valve 
closes the spring urges the plunger and the body F 
apart, check valve M, opens and permits oil to 
pass from the supply chamber L into the high- 
pressure chamber to replenish the supply of oil with 
the face F against the cam C and take the lash out of 
the valve train. At the beginning of the rise of the 
cam the check valve is closed and the column of oil 
is trapped in the high-pressure chamber. When the 
engine is stopped a number of the engine valves are 
in the open position in which case the plunger N 
leaks down to the point where the valve M, 
“ bottoms ” on the head of the body F. If now the 
engine is started, the spring E urges the plunger N and 
the body F apart. The check valve opens wide to 
admit oil from reservoir L into the high-pressure 
chamber. A modified form of the device is also 
shown in the specification.—August 10, 1955S. 


GAS TURBINES 


736,116. February 16, 1953.—ExuHaust Gas DRivEN 
Tursines, Crossley Brothers, Ltd., Openshaw, 
Manchester, 11, and Herbert Desmond Carter, 
of the company’s address. 

The invention relates to combined diesel and tur- 
bine units in which the turbine is driven by the ex- 
haust gases from the engine. It has been found in 
practice that the turbine may be seriously damaged 
by solid material, carried over by the exhaust gases 
from the diesel engine. The object of the invention 
is to avoid this damage by providing a fixed screen 
for separating the solid material from the exhaust 
gases, as they pass from the engine to the turbine, also 




















No. 736,116 
means for collecting and withdrawing any solid 


material. In the two upper views of the drawing, 
the screening device consists of a grid A, extending 
diagonally across the connection between the engine 
and the turbine, the screen being designed to trap 
all solid material and to deflect jt downwards to the 
collecting trap B. The grid may have slots in it, 
or it may be made of closely spaced rods. In the 
example given in the lower view the screen, it will 
be seen, consists of a perforated cylindrical cage C 
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with a conical cap E, and again there is a collecting 
trap B, for separated material. A further modified 
design shown in the specification is generally similar 
to the lower view, but the cage C is filled with closely 
spaced rods.—August 31, 1955. 


736,028. November 29, 1952.—ComBusTION CHAM- 
BERS, Joseph Lucas (Industries), Ltd., Great 
King Street, Birmingham, 19. (Jnventor : Squire 
Ronald Jackson.) 

_ The invention relates to combustion chambers for 

jet-propulsion engines, gas turbines or other prime 

movers and comprises a combustion chamber having 
around each hole a lip of sufficient depth to penetrate 
the annular streams and so avoid mutual interference 
of the annular and radial streams. As shown in 
the drawings, the combustion chamber is constructed 
from a series of sections A, which overlap at their 
adjacent ends as shown more clearly in the lower 
views, to form annular orifices B through which air 
can flow from the surrounding jacket along the inner 
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surfaces of the sections. The overlapping ends of 
the sections A are spaced by a corrugated metal 
strip C. Also holes D are provided in the sections 
A for the admission of other air streams flowing 
radially inwards from the jacket E. According to 
the invention each hole has formed around it an 
annular and inwardly extending lip F of sufficient 
depth to penetrate the annular air stream. Alterna- 
tively, the lip may be provided on a separately 
formed ferrule G inserted through each hole in the 
sections A, the ferrules being secured to the sections 
by welding. By means of the lips F the air streams 
flowing through them are isolated from the annular 
streams flowing through the orifices and mutual 
7a of the two streams is avoided.—August 


FURNACES 


736,098. November 7, 1952.—Tuyeres, James 
Brown and Sons, Ltd., Cleveland Brass and 
Copper Works, Middlesbrough.  (Jnventor : 
John Charles Hedley Booth.) 

The invention is concerned with the manufacture 
of copper tuyeres. The object being to produce a 
copper tuyere which possesses the same life as that of 
a forged tuyere, but which is not subject to high 
costs of production. As will be seen from the draw- 
ing, the fabricated copper tuyere of the invention is 
made up of annular skirt portions in the form of an 
inner shell A and an outer shell B, which are united 
at their ends to a nose piece C and a heel piece D. 


B 
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In manufacture, the two skirt portions A and B are 
formed by bending strip or plate to the required shape 
and joining their abutting edges by a fillet or edge-weld 
in the lower view. Both the nose piece and heel 
piece are preferably forgings which can readily be 
machined to receive the skirt portions. By construct- 
ing a copper tuyere in this manner it enables the nose 
and heel pieces to be made by forging or machining 
at comparatively small cost and using a copper of 
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high purity, which applies also to the copper sheet 
or strip from which the skirt portions are cut. An 
opening E is provided in the heel to receive a short 
length of pipe for the supply of cooling water to the 
interior of the tuyere.—August 31, 1955. 


ELECTRIC FURNACES 


737,043. July 1, 1953.—ARC-MELTING FURNACES, 
Imperial Chemical Industries, Ltd., Imperial 
Chemical House, Millbank, London, S.W.1. 
(Inventor : Roy Attkins.) 

The invention relates to arc-melting furnaces for 
use in the melting of high melting point reactive 
metals and alloys, such as titanium, zirconium, 
molybdenum, thorium, hafnium, tantalum, chromium 
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and their alloys. It is illustrated but not limited by 
the drawing accompanying the Provisional Specifica- 
tion, which represents a vertical section through part 
of the cover of a crucible arc furnace for use in the 
melting of titanium. Referring to the drawing, the 
furnace lid A is apertured for the passage of the stem 
B of the movable electrode and the aperture is fitted 
with a Wilson seal comprising a housing C secured to 
the lid A and annular neoprene gaskets D held in 
position by spacing rings E and F and pressure ring 
G. A hardened steel scraper ring H with a ground 
knife edge J is clamped to the housing C by means of 
the retaining ring K.—September 21, 1955. 


METALLURGY 


736,107. December 24, 1952.—AN ELECTRO-NICKEL 
PLATING Process, Wilmot-Breeden, Ltd., Eastern 
Works, Camden Street, Birmingham, 1. (Jnven- 
tor: Ronald Frederick Robins.) 

The invention relates to the nickel plating of metal 
articles by electrodeposition and particularly plating 
by a process in which the bath consists of a Watts 
solution having the following approximate com- 
position per gallon of water : nickel sulphate, 40 ozs ; 
nickel chloride, 6 ozs ; boric acid, 2 to 4 ozs ; pH, 
4-0-5.0 ; temperature, 100 to 140 deg. Fah. The 
object of the invention is to enable improved deposits 
to be obtained. The drawing shows the circuit 
arrangement. A transformer A is connected to 


‘ any convenient alternating current source having a 


normal frequency of, for example, 50 cycles. One 
end of the secondary winding of the transformer is 
connected to the anode B in the bath C by a circuit 
which contains two branches arranged in parallel. 
In one of the branches is included a rectifier D, and 
in the other is included an oppositely acting rectifier 
E arranged in series with a variable resistance F. In 


A D CG 
ri ca ae 
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series with both of the circuits is arranged a variable 
resistance G. The article to be plated is indicated 
at H, and this is connected to the other end of the 
winding of the transformer. The current half wave 
which effects deposition of nickel on the article to 
be plated passes through the rectifier D, and the 
half wave which effects partial removal of the deposit 
passes through the rectifier E the value of the current 
in this latter half wave being determined by the 
resistance F. A suitable ratio for the alternate halves 
of the waves is 2 or 3: 1. Air agitation of the bath 
is desirable for good results. By the use of an alternat- 
ing current as above described, it has been found 
possible to produce improved nickel deposits from a 
Watts or other solution without using chemical 
additions. It has, however, also been found that the 
best results are obtained when the bath contains a . 
trace of copper. Commercial grades of the nickel 
salts above specified usually contain sufficient copper 
as an impurity. If this impurity is not present it is 
advantageous to add to the bath sufficient hydrated 
copper sulphate (e.g. 0-01 per cent) to introduce the 
required trace.—August 31, 1955. 
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Launches and Trial Trips 


Rep Crest, trawler ; built by John Lewis and Sons, 
Ltd., for the Iago Steam Trawler Company, Ltd. ; 
length between perpendiculars 135ft, breadth 26ft 6in, 
depth 13ft 3in, gross tonnage 402 tons, fish room 
9300 cubic feet, electric deck machinery, trawl 
winch 1200 fathoms of 23in warp; British Polar 
oil engine, five cylinders, 800 b.h.p. at 250 r.p.m.— 
Trial, September. 


REAVELEY, cargo ship; built at the Neptune 
Works of Swan, Hunter and Wigham Richardson, 
Ltd., for the Whalton Steam Shipping Company, 
Ltd. ; length between perpendiculars 435ft, breadth 
moulded 60ft, depth moulded to shelter deck 39ft ; 
five cargo holds, one 30-ton, two 10-ton and eight 
6-ton derricks ; two multi-tubular boilers; Swan 
Hunter-Doxford diaphragm oil engine, four cylinders 
670mm diameter by 2320mm _ combined stroke, 
4400 b.h.p. at 115 r.p.m.—Launch, September 15th. 


SeyyiD KHALIFA, passenger and cargo ship ; built 
by Philip and Son, Ltd., to the order of The Crown 
Agents for Overseas Governments and Administra- 
tions ; length between perpendiculars 200ft, breadth 
moulded 38ft, depth moulded to main deck 15ft, 
nine first-class and sixteen second-class passengers, 
350 deck passengers ; electric deck machinery, two 
cargo holds, one 7-ton and four 3-ton derricks ; 
two 150kW diesel-driven generators ; two British 
Polar ““ M46M ” diesel engines, each of 1000 b.h.p. 
at 300 r.p.m.—Launch, September 15th. 


SuGAR Exporter, cargo ship; built by Hall 
Russell and Co., Ltd., for Silvertown Services, Ltd. ; 
length overall 353ft 9in, length between perpendicu- 
lars 330ft, breadth moulded SOft, depth moulded 
26ft 6in, deadweight 5250 tons on 22ft 2in draught ; 
four holds, electric deck machinery; two eight- 
cylinder British Polar diesel engines, each of 1520 
b.h.p. at 300 r.p.m., drive a single screw at 150 r.p.m. 
through hydraulic couplings and reduction gearing.— 
Launch, September 19th. 





Catalogues and Brochures 


FLETCHER Miter, Ltd., Alma Mills, Hyde, Cheshire.— 
Booklet entitled “* Machine Tool Lubrication.”’ 

NoRMAN E. Potts, BIRMINGHAM, Ltd., 130, Moseley Road, 
Birmingham, 12.—List of new and used machine tools. 

Cuartes Baynes, Ltd., Kneyden Brook, Blackburn.—Leafiet 
briefly describing the “‘ Ding-Dong ’’ power hacksaw clamp. 

HyMatic ENGINEERING Company, Ltd., Redditch, Worcs.— 
Illustrated brochure giving details of the Hymatic “‘ Hydrovane ”’ 
compressor. 

Rocot, Ltd., Rocol House, Swillington, Near Leeds.— 
Brochure giving details of the uses of “ Rocol Molybdenised 
Lubricants.”’ 

RENOLD CHAINS, Ltd., Renold House, Wythenshawe, Man- 
chester.—Illustrated folder dealing with steel chains for conveyors 
and elevators. 

, BIRMABRIGHT, Ltd., Woodgate Works, Quinton, Birmingham, 
32.—Tables of the mechanical and physical properties of alu- 
minium alloys. 

THe Davip BrRowN CorporaTION (SALES), Ltd., 96-97, 
Piccadilly, London, W.1.—Illustrated catalogue covering the 
activities of the David Brown Companies. 

CAMBRIDGE INSTRUMENT COMPANY, Ltd., 13, Grosvenor Place, 
London, S.W.1.—Illustrated folder giving “details of instruments 
for the measurement, recording and control of humidity in 
industrial applications. 

DOULTON AND Co., Ltd., Royal Doulton Potteries, Doulton 
House, Albert Embankment, London, S.E.1.—General catalogue 
of acid-proof chemical and industrial stoneware, illustrating a 
representative range of standard products. 

BRIGHTWELL Dispensers, Ltd., Spenser Works, Newhaven, 
Sussex. —Leafiet describing the operation of dispeners for 

* Barrier Creams, Hand Cleansers, Lubricants, Greases, 
Obstetric and Zinc and Castor Oil Creams, &c.”’ 

Smon-Carves, Ltd., Cheadle Heath, Stockport.—Booklet 
presenting the principles of Simon-Carves water-tube boilers 
and features of power station design, and indicating the part 
played by the organisation in the development of economic power 
generation. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, d&c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the TiME and PLACE at which the meeting is 
to be held should be clearly stated. 


BRITISH INSTITUTION OF RADIO ENGINEERS 

Wed., Oct. 26th—LONDON SECTION: School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, W.C.1, 
Annual General Meeting, 6 p.m., “ Recent Advances in 
Microwave Tubes,”’ R. Kompfner, 7 p.m 

Thurs., Nov. 3rd.—N.W. SECTION : Reynolds Hall, College of 
Technology, Sackville Street, Manchester, “‘ Ground-Controlled 
Approach and the Instrument Landing System,”’ R. H. James 
and N. Mackinnon, 6.30 p.m. 


CEMENT AND CONCRETE ASSOCIATION 

Tues., Oct. 25th.-—College of Technology, Anglesey Road, Ports- 
mouth, “ Concrete Placing and Formwork,”’ A. B. Harman, 
7 p.m.——Cleveland Scientific and Technical Institution, 
go Road, Middlesbrough, “‘ Lightweight Concrete,”’ 
H. A. Hodson, 7 p.m.——EAsTERN BRANCH : Institution of 
Highway Engineers, Assembly House, Norwich, “‘ Sea Defence 
Works,”’ J. A. -. io, 6.45 p.m. 

Thurs., Oct. 27th—PusiLic Lecrure: Technical College, Bell 
Street, Wakefield, Yorks, “‘ Shell Roofs,’’ R. Jones, 7.15 p.m. 
Mon., Oct. 31st.—CAMBRIDGE AND DISTRICT ASSOCIATION OF 

UILDERS’ FOREMEN AND CLERKS OF _WorKS: Technical 
College and School of Art, Collier Road, Cambridge, “ Cement 
Manufacture and Some Recent Developments in Special 


Cements,”’ E. S. Shellard, 7.30 p.m. 
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CHADWICK PUBLIC LECTURE 
Tues., Oct. 25th.—Lecture Theatre, Department of Civil and 
Municipal ac somtarine College, Gower Street, 
1 





London, of Strains 
in Structures,” RJ. Wilkins, 5.30 p.m. 
CHEMICAL SOCIETY 
Mon., Oct. 31st.—NEWCASTLE AND DURHAM BRANCH : Science 


Laboratories, South Road, Durham, “ Recent Researches on 
the Metal Alkoxides,’’ W. Wardlaw, 5.15 p.m. 


ILLUMINATING ENGINEERING SOCIETY 

Mon., Oct. 24th.—Leeps Centre: E.L.M.A. Lighting Service 
Bureau, 24, Aire Street, Leeds, 1, Chairman’s Address, ‘* The 
Installation, the Engineer and the Local Authority,’’ R. R. 
Cooper, 6.15 p.m. 

Tues., Oct. 25th—LONDON CENTRE: Lighting Service Bureau, 
2, Savoy Hill, W.C.2, Report and Discussion on the 1955 
—— of the International Commission on Illumination, 


6p 

Wed. on 26th.—TRANSVAAL CENTRE: Room 95, Public 
Library, Johannesburg, Annual General Meeting, 8 p.m. 

hurs., Nov. 3rd.—GLasGow CENTRE : Institution of Engineers 
and Shipbuilders i in Scotland, 39, Elmbank Crescent, Glasgow, 
C.2, “ Maintenance of Lighting Installations,’’ J. WwW Strange 
and W. Robinson, 6.30 p.m. 


INCORPORATED PLANT ENGINEERS 

Tues., Oct. 25th.—S. WaLeS BRANCH : S. Wales Engineers Insti- 
tute, Park Place, Cardiff, “‘ Safety in Industry,’’ F. W. Thomp- 
son, 7.15 p.m. 

Thurs., Oct. 27th.—SHEFFIELD AND District BRANCH: Grand 
Hotel, Sheffield, ‘‘ Dust Generation and Control in Foundries,” 
W. H. White, 7.30 p.m. 

Fri., Oct. 28th.—BIRMINGHAM BRANCH: Imperial Hotel, Temple 
Street, Birmingham, “* Oil Firing,’’ K. J. Luntley, 7.30 p.m. 

Mon., Oct. 31st.—W. AND E. YoRKS BRANCH: The University, 
Leeds, “* Raising of H.M. Submarine ‘ Truculent,’’’ L. Hack- 
man, 7. 30 p.m. 

Tues., Nov. my —LONDON BRANCH: Royal Society of Arts, 
John Adam Street, Adelphi, Strand, W.C.2, “* Corrosion and 
Fouling in Industry, ” E. J. Brad dbury, 7 p.m.——EDINBURGH 
BRANCH : 25, Charlotte Square, Edinburgh, “ Factory Heat 
Analysis,”’ G. E. H. Lewis, 7 p.m. 

Wed., Nov. 2nd.—LeicesTeR BRANCH : College of Art and Tech- 
nology, The Newarkes, Leicester, ‘“‘ Combustion Systems for 
Aero-Gas Turbines,’’ S. L. Bragg, 6.30 p.m.——SOUTHERN 
BRANCH: Polygon Hotel, Southampton, “ Industrial Fires 
and their Prevention,”’ E. T. Hayward, 7.30 p.m. 


INSTITUTE OF BRITISH FOUNDRYMEN 
u -*, Oct. 26th.—LONDON BRANCH : Waldorf Hotel, Aldwych, 
.2, “Co-operation Between Engineer and Founder on 
caeia Design,’’ G. Blanc and M. Jaumain, 7.30 p.m. 
Thurs., Oct. 27th—SOUTHAMPTON SECTION : Technical College, 
St. Mary’s Street, Southampton, “* Metal Melting Furnaces and 
Hot-Blast Cupolas,”’ F. C. Evans, 7.30 p.m. 


INSTITUTE OF FUEL 

Wed., Oct. 26th.—MERSEYSIDE SUB-SECTION : Liverpool Engineer- 
ing Society, 9, The Temple, Dale Street, Liverpool, ** Some 
Factors Governing the Welfare of Steam Boilers and Other 
Pressure Plant,’’ F. Shapley, 6 p. 

Thurs., Oct. 27th_—E. MIDLAND SECTION : Lecture Theatre, Gas 
Showrooms, Nottingham. Open Forum to discuss ** Mineral 
Matter in Coal: Its Importance and Implication,’’ 6.15 p.m. 
——MIDLAND SECTION: James Watt Memorial Institute, 
Great Charles Street, Birmingham, 3, “‘ The Impact of Re- 
fractory Materials on the Efficient Use of Fuel,”’ A. T. Green, 


6 p.m. 

Fri., Nov. 4th—S. Wares Section : Central Library, Alexandra 
Road, Swansea, “ Electrical Hazards in Inflammable Atmo- 
spheres,’’ G. D. Curtis, 6 p.m. 


INSTITUTE OF INDUSTRIAL SUPERVISORS 
Thurs., Nov. 3rd —LONDON CENTRAL SECTION : The Polytechnic 
Regent Street, London, W.1, ** Managerial Authority,” D. H. 
Bramley, 7.30 p.m. 


INSTITUTE OF MARINE ENGINEERS 

Wed., Oct. 26th.—ScottTisH SECTION : Institution of Engineers 
and Shipbuilders, 39, Elmbank Crescent, ce at C2, 
oe — and Seagoing Practice,’ od ibson, 
7. 

Thurs., Oct. 27th.—KINGSTON UPON HULL AND E, MIDLANDS 
SecTION : Royal Station Hotel, Kingston upon Hull, “ Marine 
Diesels—Their Production and Applications,’’ G. K. Baguley, 
7.30 p.m. 


INSTITUTE OF NAVIGATION 
Mon., Oct. 24th. —Royal Geographical Society, 1, Kensington 
Gore, London, S.W.7, “ Off the Beaten Track : From Instinct 
Through Art to Science,’’ a lecture to cadets from Nautical 
Schools, open to members, 2.15 p.m. 


INSTITUTE OF REFRIGERATION 
Thurs., Nov. 3rd.—Institution of Mechanical Engineers, |, Bird- 
cage Walk, Westminster, London, S.W.1, Presidential Address, 
Lieut.-Colonel Lord Dudley Gordon, 5.30 p.m. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 
Tues., Oct. 25th.—N.E. Centre: Three Tuns Hotel, Durham, 
““Some Aspects of Vehicle Insurance and Accident Assess- 
ment,’’ C. W. Duffie, 7 p.m. 


INSTITUTE OF WELDING 

Wed., Oct. a The. LONDON BRANCH : Manson House, Port- 
land Place, W. 1, “* The prod of Resistance Welding in Auto- 
mation,”’ R. WwW. Ayers, 7 p. 

Wed. to Fri. , Nov. 2nd to 4th. a MEETING : Seteeeey 3 
Park Lane Hotel, Piccadilly, London, W.1, Annual Dinner. 
Thursday : Institution of Civil Engineers, Great George 
a Westminster, London, S.W.1, Presidential Address, 

G. Weddell; “‘ Some Electrical Aspects of Inert-Gas 
Suicides. Arc. Welding Processes,’ L. ton and J. C. 
Needham ; “ The nomics of the Joining of Aluminium 
and its Alioys by the Inert-Gas Shielded Welding Processes,” 
J. G. Young, 10 a.m.; ; os Mg and Uniformity i in Aluminium 
Alloy Weld Beads,”’ Houldcroft ; * Development of a 
Simple Weld-Cracking Test for Aluminium Alloys,”’ 


Houldcroft, 2. “The Welding of Nickel 
and High-Nickel Alloys by the Inert-Gas Shielded-Arc Welding 

‘ocesses,’’ J. Hinde and D. R. a “* Inert-Gas 
Shielded Self- -Adjusting Metal-Arc Welding of Copper and 


Copper Alloys,”’ D. C. Moore and E. A. Taylor ; ‘“‘ A Mathe- 
matical Examination of the erg of Bounding Planes on the 
Temperature Distribution Due to Welding,’’ Doris K. Roberts 
and A. A. Wells; “ Energy Distribution in Argon-Shielded 
Welding Arcs,”’ ef F. Lancaster, 10 a.m.; “‘ The Testing and 
Inspection of — in Aluminium and Aluminium Alloys 
Plate,” P. Bradle “Some Factors Affecting Design of 
Aluminium Alloy "Fabrications Welded by. the Inert-Gas 
Shielded Metal-Arc Process,” A L. Hale ; “Inert-Gas Arc 
Welding : Forward Trends in the Gas Turbine Industry,” 
F. C. G. Sandiford, R. T. Weatherstone, O. J. Brown, K. H. 
McDowell and L. Camidge, 2.30 p.m. 


INSTITUTION OF CHEMICAL ENGINEERS 
Wed., Nov. 2nd.—LONDON GRADUATES’ AND STUDENTS’ SECTION : 
Visit to the Fawley Refinery of Esso Petroleum, Ltd., meet 
at Charing Cross Underground Station, 9 a.m. 
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INSTITUTION OF CIVIL ENGINEERS 
Toe. Oct. 21st.—Great George Street, Westminster, | 


W.1, Graduates’ and Students’ Conversazione, 7.30 to iL — 
Tues., Oct. 25th.—HYDRAULICS MEETING : Great Georg Street; 


Westminster, London, S.W.1, “ Experiments with H 

Models of Port Lyttelton in New Zealand,’’ R. Cc. H. fre 

p.m 

Tues., Nov. 1st.—ORDINARY MEETING : Great, Geo: 
Westminster, London, S.W.1, Presidential Address, W."<" 
Wallace, 5.30 p.m. ’ 


NSTITUTION OF ELECTRICAL ENGINEERS 

Tues., oor 25th.—MEASUREMENT AND CONTROL SECTION : 
Place, London, W.C.2, ** An Electronic Particle Acce|: rator,”” 
R. Chick and D. P.'R. Petrie ; “ An Electrostatic Analyser 
for the Absolute Measurement of Proton Energies and the 
Establishment of Fixed Points on the High-Voltage 


Savo' 


S. E. Hunt, D, P. R. Petrie, K. Firth, and A. J. Trott, 5,3 aa 
—— LONDON GRADUATES’ AND STUDENTS’ SECTION : Public 
iiety, Chelmsford, Chairman’s Address, “A.C. Swite} gear,” 
H. F. Collins, 7 p.m. A 

wed, Oct. 26th.—-SUPPLY SECTION : Savoy Place, 1, ndon, 


W.C. 2, Chairman’s Address, L. Drucquer, 5.30 p.m 
Mon., Oct. 31st——RADIO AND TELECOMMUNICATION. SECTION : 
Savoy Place, London, W.C.2, * The Technique of on pheric 
Investigation using Ground Back-Scatter,”’ E. D. R. Shearman - 
* A Study of lonospheric Propagation by sous of Ground 
Back-Scatter,’’ E. D. R. Shearman ; ‘‘ An Experiment (0 Test 
the Reciprocal Radio Transmission Conditions Over an 
lonospheric Path of 740km,’’ R. W. Meadows ; “ An | xperi- 
mental Test of Reciprocal Transmission Over Two Long. 
Distance High-Frequency Radio Circuits,"’ F. J. M. Laver and 
H. Stanesby, 2.30 p.m.; “ V.H.F. Propagation by Lonospheric 
Scattering and its ‘Application to Long-Distance Commiinica. 
tion,” W. J. Bray, J. A. Saxton, R. W. White and G. W 
Luscombe, 5.30 p.m. , 


INSTITUTION OF ENGINEERING INSPECTION 
Mon., Oct. 24th.—WOLVERHAMPTON BRANCH: Mander Bros., 
Ltd., Wolverhampton, Works Visit; “ Industrial Paints,” 
W. A. Edwards, 7.15 p.m. 
Thurs., Oct. 27th.—N. W. BRANCH : Engineers’ Club, Abert 
Square, Manchester, ** The Application of Small Gas Turbines 
to Road Transport,’’ P. A. Phillips, 7.30 p.m 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND 


Tues., Nov. te Elmbank Crescent, Glasgow, C.2, ‘* Alu- 
minium Tanker,”’ E. C. B. Corlett, 7.30 p.m. 


INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS 
Tues., Oct. 25th—ScottisH BRANCH: Building Centre, 425, 
Sauchiehall Street, My C.2, ** Meteorological Data ang 
Design Temperatures,” H.C. Jamieson, 7 p.m. 


INSTITUTION OF MECHANICAL ENGINEERS 
To-day, Oct. 21st.—GENERAL MEETING : 1, Birdcage Walk, West- 
minster, London, S.W.1, Presidential Address, P. L. Jones, 


5.30 p.m. 
Tues. to Thurs., Oct. 25th to 27th.—JoinT CONFERENCE WITH THE 
RICAN SOCIETY OF MECHANICAL ENGINEERS : Institution 
of Civil Engineers, Great George Street, Westminster, London, 
S.W.1, Conference on Combustion. Tuesday, 10 a.m. to 
12.30 p.m., and 2.30 p.m. to 5 p.m.; Wednesday, 10 a.m. to 
12.30 p.m., 2.30 p.m. to 5 p.m.; rey Discussion, 6 p.m. 
Thursday, 10 a.m. to 12. 30 p.m., and 2.50 p.m. to 4.30 p.m. 
Tues., Rg 25th.— EASTERN BRANCH : Dujon Restaurant, 
‘d, Chairman’s Address, ‘* Acro-Engines : Past, Present 
and te Da ” A. D. Baxter, 7.30 p.m. tte WALES BRANCH : 
S. Wales Institute of Engineers, Cardiff, * *The Promotion of 
Fluid Lubrication in Wire Drawing,’’ D. G. Christopherson 
and H. Naylor ; “ Experimental og of the Mechanics 
of Wire Drawing, ” J. G. Wistreich, 6 
Wed., Oct. 26th.—SOUTHERN ahd 7 * Technical College, 
Brighton, ‘“‘Some Problems in Lubrication and these Sub- 
stances Called Additives,’’ A. Towle, 7 p.m.—SouTHERN 
Grapuates’ SECTION: R.A.E. Technical Coll Farn- 
borough, Hants, Paper and Discussion on “ Gas Turbines,” 
J. A. Barnes, 7.30 p.m. 
Thurs., Oct. 27th —WesteRN A.D. Centre: Royal Hotel, 
Bristol, Address by A.D. Chairman-Elect, C. G. Williams, 


m. 
28th.—GENERAL MEETING, APPLIED MECHANICS 
RouP: 1, Birdcage Walk, Westminster, London, S.W.1, 
“The Value of the Notch Tensile Test,’ J. F. Baker and C. F. 
Tipper, 5.30 p.m. 


INSTITUTION OF PRODUCTION ENGINEERS 

Mon., Oct. 24th. — MANCHESTER SECTION : Reynolds Hall, 
College of Tech M “ Cutting Tools—Applica- 
tion and Research,’ ”M. O. Short, 7.15 p.m. 

Tues., Oct. 25th.—OxForD SECTION: Technical College and 
School of Art, Bath Road, Banbury, Oxon, “ Automation in 
the Aluminium Industry,’’ D. A. Ellis, 7.30 p.m.——Lonpon 
GraDuaATe SECTION: 10, Chesterfield Street, W.1, “ The 
Assessment of Surface Finish,” * 7.15 p.m. 

Wed., Oct. 26th.—SHREWSBURY Section : Walker Technical 
Coilege, Oakengates, “ Industrial Applications of Electrical 
— ”’ P. L. B. Buckley and S. L. Robinson, 7.30 p-m.—— 

ORCESTER SECTION : Cadena Café, Worcester, * Milling 
and its Progress,’’ N. Stubbs, 7.30 p.m.——LINCOLN SECTION : 
Ruston Club, Unity Square, Lincoln, “ of Transfer 
Machines under Application to Production,’’ F. Griffiths and 
H. W. Holbeche, 7.30 p.m. 


INSTITUTION OF STRUCTURAL ENGINEERS 

Tues., Oct. 25th.—WALES AND MONMOUTHSHIRE BRANCH : Mack- 
worth Hotel, Swansea, ‘“‘ Recent Trends in the Design of Indus- 
trial Buildings,’ A. V. Hooker, 6.30 p.m. 

Thurs., Oct. 27th.—11, Upper Belgrave Street, London, S.W.!, 
Discussion on “* Ultrasonic Testing of Concrete,”’ 6 p.m. 

Fri., Oct. 28th——MIDLAND COUNTIES BRANCH: James Watt 
Memorial Institute, Birmingham, Chairman’s Address, W. D. 
Christie, 6 p.m. 


JUNIOR INSTITUTION OF ENGINEERS 

To-day, Oct. 21st.—INFORMAL MEETING: Pepys House, 14, 
Rochester Row, Westminster, London, S.W.1, “ The Atom,” 
S. A. McAuliffe, 7 p.m. 

Fri., Oct. 28th.—INFORMAL MEETING: Pepys House, 14, 
Rochester Row, Westminster, London, S.W.1, Sai 
Problems from a Structural Consultant’s Case Book,” L 
Turner, 7 p.m. 

Wed., Nov. 2nd.—MIDLAND SECTION: James Watt Memorial 
Institute, Great Charles Street, Birmingham, “‘ The Design, 
Control and Operation of Metallurgical Furnaces for the Non- 
Ferrous Metals Industry,’’ R. M. Jones, 7 p.m. 





NORTH EAST ey INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS 
Fri., Oct. 28th.—Bolbec Hall, Newcastle upon Tyne, 1, “ Ferrous 
Materials in Marine Engineering,” S. F. Dorey, 6.15 p.m. 


SHEFFIELD METALLURGICAL ASSOCIATION 
Tues., Nov. 1st.—B.LS.R.A. Laboratories, Hayle Street, Sheffield, 
a “ ao in Deep Drawing Mild Steels,”’ B. B. Hundy, 


WEST OF SCOTLAND IRON AND STEEL INSTITUTE 
To-day, Oct. 21st.—39, Elmbank Crescent, Glasgow, C.2, Presi- 
dential Address, S. Thomson, 6.45 p.m. 








LE 


